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CHAPTER  1  -  INTRODUCTION 


1.1  OBJECTIVES 

This  report  stammrlses  the  result*  of  an  engineering  study 
of  aereral  building  types  to  deterslne  (a)  the  practicability 
of  design  far  etomle  blest  resistance,  (b)  the  estimated  ccn- 
struetion  coot  for  a  range  of  blast  pressure  leadings  and  a 
ooeparlson  of  eoets  with  conventional  oonstrueticn,  and  (e) 
the  estimated  additional  cost  of  providing  personnel  shelter 
areas. 

The  blast  resistant  designs  and  construction  ooat  esti¬ 
mates  have  been  prepared  for  the  tailoring  building  types  and 
peak  incident  blast  pressures. 

Standard  Struotures 

1.  Administration  Building,  Two  Story  for  10,  20  and  30  pal. 

2.  Coimrcinicattona  Building  for  10,  20  and  30  pai. 

3.  Warehouse  for  10,  20  and  30  psi. 

Nonstandard  Structures,  Qeneral  Purpose 

li.  Concrete  Igloo  for  25,  50,  100  and  200  pal. 

5.  Earth  Covered,  Concrete  Reotangular, 

UO*  x  80»,  for  ?5,  50,  100  and  200  pai. 

6.  Earth  Covered,  Concrete  Double  Barrel  Arch, 

1*0 »  x  80'  usable  floor  area,  for  50  psi. 

7.  Earth  Covered,  Concrete  Dome, 

25*  diameter  for  50,  100  and  200  pal. 
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8*  Buried,  Concrete  Reotangrular, 

UO'  x  80*,  for  50,  100  and  200  pel. 

9.  Buried,  Concrete  Double  Barrel  Arab, 

1*0*  x  80*  usable  floor  tree,  for  50  pel 
10.  Buried,  Concrete  Dome, 

25*  diameter,  for  50,  100  end  200  pei. 

11*  Buried,  Concrete  Igloo, 

26* -10"  x  60«-8"  for  50,  100  end  200  pal. 

1.2  DESIGN  HU  ST  LOADb 

The  blast  loadings  on  the  a  true  tores  are  baaed  upon  the 
peak  incident  pressures  listed  in  Section  1.1.  AH  calculations 
relative  to  the  blast  loadings,  except  as  noted,  are  based  upon 
the  preliminary  draft  of  the  Corps  of  Engineers  Manual  FM1110- 
3b5-Ul3,  "Design  of  Structurea  to  Resist  the  Effects  of  Atomic 
Weapons  (hereinafter  referred  to  ae  the  C  of  E  Manual)  - 
Weapons  Effects  Data".  The  assumed  durations  of  the  Incident 
blast  pressure  wares  are  a a  follows j 


Peek  incident  pressure, psi 

10 

20  25 

30 

50 

100  200 

Duration  of  positive 
pressure,  sec. 

1.55 

1.21  1.12 

1.05 

0.85 

0.6L  0.1t3 

(C  of  E  Manual) 

1.3  DESIGN  PROCEDURE 

The  design  procedure  and  methods  used,  unless  otherwise 
noted,  are  in  accordance  with  the  C  of  E  Manual,  tmilO-3Ji5-lil3 
thru  U21. 
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Roof  and  exposed  floor  elabe,  walla,  columns,  footings 
and  above  ground  earth  covered  arc he a  are  deaigned  for  plaatio 
deformation  under  the  deaigi  blast  load,  Above  ground  earth 
covered  dosses,  buried  arches,  buried  domes,  blast  doors  and 
eeospe  hatch  doors  are  designed  for  maximum  elastic  deforma¬ 
tion  under  design  blast  load. 

The  blast  loads  on  vails  of  burled  structures  vas  taken 
se  equal  to  the  pressure  at  the  ground  surface  (prescribed  fcy 
OCE),  On  above  ground  earth  covered  structures,  the  pressures 
on  the  earth  eover  vers  first  computed  then  the  loeds  an  the 
structure  were  found  by  using  a  "Mohr's  Circle"  Solution  as¬ 
suming  a  soil  friction  angle  of  20  degrees, 
l.lx  MATCTIAIS  AND  SUSSES 

Tha  designs  are  based  upon  the  following  specifications 
and  design  stresses! 

1,  Reinforcing  Ears*  Intermediate  grade  in  accordance 
with  A.S.T.M.  Specification  Designation  A305-56T 

and  with  Federal  Specification  QQ-B-71e.  Yield  point 
stresa  -  1x7,500  pal,  Increased  approximately  10? 
to  account  for  rapid  rates  of  strain  far  most  case3, 

2.  Structural  Steel:  A.S.T.M.  Specification  Designation 
A7-56T  and  Federal  Specification  CQ-5-7U..  Yield 
stress  -  38*000  pal  (cor respond  tug  to  standard  A.S.T.M, 
rate  of  loadi,.ig)  Increased  ^proximstely  12.5?  to 
account  for  rapid  rates  of  strain  for  most  cases. 
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3.  Concretes  f '  Increased  30?  to  account  for  rqpid 
o 

'rates  of  strain  for  most  cams. 

b.  Foundation  Bearing  Preaturet  1  Tons/ sq.ft.,  rated  eapaeltgr 

(prescribed  by  OCE)  8  "  "  "  ultimate  capacity 

1.5  RADIATION  EFFECTS 

Confutations  relative  to  the  radiation  ls’el  are  based  upon 
"Capabilities  of  Atomic  Weapons"  -  Department  of  Defense  Manual 
7M  23*200,  June  1955,  (secret).  Neutron  attenuation  data  was 
based  upon  "  Informal  AFSHP  Data",  March  1955.  The  required 
nuclear  radiation  protection,  prescribed  by  the  OCE,  for  the 
Non  Standard  Type  Structures,  Igloo  and  shelters  of  the  Standard 
iy  >e  Structures  was  that  ths  total  gamma  and  neutron  doeage  be 
attenuated  to  50  roetgens  for  the  following  weapons  at  aiy 
position  producing  a  peak  blast  pressure  equal  to  the  design 
incident  pressure! 

Preseure  level,  psl .  10  20  25  30  50  100  200 

Held  (KT) .  20  20  20  ?0  100  200  500 

1.6  ITEMS  N3T  INCI.HDFD  IN  STTTDT 

The  following  features  were  not  Included  In  this  study 
and  would  ba  determined  to  suit  the  use  reouirementei  -  (1) 
mechanical  equipment,  Including  blast  valves,  chemical  filters, 
and  cooling  water  facilities,  such  as  cooling  towers,  spray 
ponds  or  wells)  (2)  electrical  equipment,  (3)  air  locks  end  de¬ 
contamination  facilities)  (b)  button-up  provisions)  (5)  dura¬ 
tion  of  shelter  occupancy,  (6)  atandby  equipment. 
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Th#  drawings  prepared  undar  thla  contract  (sea  Appendix  H) 
are  intended  to  depict  the  results  of  the  design  studies  only.  They 
are  not  standard  drawings  and  are  not  intended  to  represent 
rec one ended  designs.  However  they  can  be  used  for  planning  purposes 
and  as  the  basis  for  development  of  required  designs. 

In  the  design  of  the  exposed  above  ground  structures 
the  thicknesses  of  the  walls  and  roofs  were  determined  by  blast 
resistance  requirements  only  ar.d  therefore  in  some  cases  will  not 
ororlde  adequate  shielding  for  fallout  radiation.  However,  the 
earth  covered  and  burled  structures  and  the  shelter  areas  in  tha 
exnoeed  above  ground  structures  hare  been  designed  to  protect 
against  the  initial  nuclear  radiation  as  noted  on  the  drawings 
and  therefore  afford  adequate  shielding  from  fallout  radiation. 

The  provision  of  adequate  thickness  in  the  walls  and  roofs  of  the 
Administration,  Communication  and  Warehouse  buildings  to  provide 
the  required  shielding  from  fallout  radiation  will  require 
additional  analysis  which  was  not  IncJuded  in  this  contract. 
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CHAPTER  2  -  DESCRIPTION  OF  STRUCTURE 


2.1  ITEM  NO.  1  -  ADMINISTRATION  BUILDING  -  TWO  STCRT 

(id.  20,  jo  pgp 

2.1.1  Oeneral 

The  design  of  the  Administration  Building  as  shown  on 
the  Anunn  &  Whitney  Drivings  No.  60-16-01  is  adapted  from 
driving  No.  30-02-02,  sheet  1  of  27  through  27  of  27,  entitled 
"Weatover  Air  Force  Base,  Chieopee  Falls,  Kassachusettsj  Wing 
Headquarters  Building,  Corps  of  Engineers,  U.S.  A ray.  Office 
of  the  Division  Engineer,  Nev  England  Division,  Boston, 
Massachusetts." 

2.1.2  Existing  Building 

The  exterior  dimensions  of  the  aain  ving  of  the  existing 
tvo  story  building  are  208'*^"  x  65' -0".  Ihe  smaller  ving  has 
exterior  dimensions  of  95' -0"  x  li9'-0".  The  exterior  vails 
are  constructed  of  12"  concrete  block.  The  roof  and  floor 
systems  are  wood  sqpported  on  wood  Joists  idiich  frame  into 
steel  girders.  The  mlnimua  vertical  clear  dlstsnee  is  9,-10-7/8" 
and  10*-3~l/2"  for  the  first  and  second  floors  respectively. 

The  ground  floor  slab  is  reinforced  concrete  on  grade.  There 
le  s  basement  under  the  smaller  ving  containing  the  boiler 
rooae,  storage  apace  and  other  miscellaneous  areas. 

2.1.3  Blaat  Resistant  Design  (Fir;.  1.1  -  1,3) 

The  proposed  Blaat  Resistant  Administration  Building  is 
a  reinforced  concrete,  vlr.dovleas  structure  vith  both  utility 


2.1 


2.2 
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and  blast  doors  at  all  exterior  openings.  Ihe  elear  dlaen- 
sions  have  been  maintained  essentially  the  sane  as  those  of 
the  Westovsr  Air  Fores  Base  structure. 

The  roof  and  floor  eyetama  are  of  bean  and  al«>b  con¬ 
struction.  The  exterior  wall  panels  ar-j  ore  way  slabs  span- 
nine  vertically  between  the  floor  levels.  The  roof  and  floor 
slabs  are  designed  as  deep  beans  to  carrv  the  wall  pmel  blast 
loads.  The  ooncrete  walla  are  utilized  as  shear  walla  to 
transmit  the  translational  loads  froa  the  roof  and  floor  slabs 
to  the  foundation.  It  was  neoesaaxy  to  add  an  interior  shear 
wall  at  colusn  line  6. 

A  buried  personnel  ah  el  ter,  for  radiation  nod  fallout 
protection,  with  a  capacity  of  approximately  170  people  (baeed 
upon  10  sq.  ft.  of  floor  area  per  person)  is  provided  adjacent 
to  the  basement  area.  Ihe  earth  co  er  over  the  shelter  is 
controlled  by  radiation  requirements. 

The  roof,  walls,  eoluans  and  footings  are  designed  for 
plastic  deformation.  Bleat  doors  are  designed  for  maximum 
elastle  deformation. 

2.2  ITEM  X.  2  -  COWUNICAHONS  BUILDINO  (10,  3).  30  PSI) 

2.2.1  General 

The  design  of  the  Coimninlcatlons  Building  ee  diown  on 
Arsnenn  &  Whitney  Brewings  No.  60-02-56  la  adapted  from  drawings 
No.  38-OU-Ol  Sheet  1  to  9  of  9  sheets,  entitled  "McGuire  Air 
Force  Bees,  WH.phtetcwn,  New  Jersey!  Baa#  Ceaaemicatlon  Castor, 
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Corps  of  Engineers,  U.  £.  ^xrjt  Office  of  ths  District  Engineer, 
Philadelphia,  Pennsylvania,  (9  Dec  saber  195?)"  • 

2.2i2  Existing  Building 

Ths  later ior  dimensions  of  the  main  wing  of  the  existing 
building  are  177'-6"  x  2$'-hn  ( J?3 •  — in  office  are*).  The 
smaller  wing  of  the  building  contains  the  garage  (?0'-0n  x 
22*-0")#  the  heat  exchange  rooa  (lii'-O"  x  22'-0"),  and  ths 
motor  generator  rooa  (9'-lC"  x  16' -0").  The  walls  are  concrete 
block  bearing  walls*  The  roof  eystea  is  a  2~l/2"  concrete  slab 
resting  on  bar  joists*  The  dear  distance  from  top  of  finished 
floor  to  bottoa  of  flnidied  ceiling  is  10' -6"*  The  floor  slab 
rests  upon  a  6"  cinder  fill.  Excavation  is  not  required  except 
for  footings  and  the  cable  vault. 

2.2*3  Blast  Resistant  Design  (Fig.  l.L  -  1.6) 

The  proposed  Blast  Resistant  Communication  Building  is  a 
reirf arced  concrete,  windowless  structure  with  both  utility  ond 
blast  doors  for  all  openings.  The  clear  dimensions  have  been 
maintained  essentially  the  sane  as  those  of  the  McGuire  AFB 
structure. 

The  roof  of  the  main  wing  is  of  beat  end  slab  construc¬ 
tion.  The  sl8b  is  continuous  over  an  interior  longitudinal 
shallow  beam  supported  by  a  row  of  columns  alont  ths  centerline 
of  the  structure.  The  roof  of  the  small  wing  is  two  way  slab 
construction.  The  garage  is  not  blast  resistant* 
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Fig.  2.4 


Fig.  2.5 


The  wall  panels  of  the  main  wing  are  designed  aa  ona 
wj  alaba  supported  at  the  roof  and  floor  slabs.  The  roof 
and  floor  alaba  art  designed  aa  deep  beams  to  cany  the  wall 
panel  blast  loads.  The  concrete  valla  are  otllized  as  shear  wa 
walla  to  transmit  the  translational  loads  from  the  roof  and 
floor  slabs  to  the  foundation.  It  was  necessary  to  add  an 
Interior  shear  wall  in  the  Terminal  Room  for  the  30  pel  level 
design. 

A  buried  personnel  shelter,  for  rsdlation  and  fallout 
protection,  with  a  capacity  of  approximately  30  persons  (based 
upon  10  sq.  ft.  of  floor  area  ner  person)  la  provided  below 
the  Switchboard  Room.  Concrete  thicknesses  in  the  shelter 
is  controlled  by  the  radiation  requirements. 

The  roof,  walls,  columns  and  footings  are  designed  for 
plastic  deformations.  Blast  doors  ar«T  designed  far  maximum 
elastic  deformation. 

2v3  ITEM  »0.  3  -  BASS  SUPPLT  WARggTSE  (10  .  20  ,  30  ESI) 

2.3.1  general 

The  design  of  the  Base  Supply  Warehouse  as  shown  on 
Asmara  &  Whitney  Drawings  No.  60-17-01  is  adapted  from  the 
following  drawings  entitled  "Kessler  Air  Force  Base,  Mississippi, 
Base  Supply  Warehouse,  Corps  of  Engineers,  U.S.  Army,  Office 
of  the  District  Engineer,  Mobile,  Alabama  (October  8,  1953)1 
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2*3*2  Existing  Building 

The  interior  dimensions  of  the  Keesler  AFB  warehouse 


(Warehouse  *F")  are  62*-b"  x  237 *— •  The  walls  are  concrete 


Meek.  Roof  Joists  span  21* -0"  between  longitudinal  concrete 
beeme  vhich  are  supported  by  concrete  columns  lli»— 0"  on  centers* 
The  roof  qyatea  as  shown  on  the  abo*  e  drawings,  may  be  either 
precast  concrete  Joists  or  bar  Joists.  The  vertical  clearance 
to  the  longitudinal  concrete  bears  carrying  the  Joists  is 
12*-8"  for  the  precast  system  and  13*-9"  for  the  bar  Joists 
system.  The  floor  slab  rests  on  fill  and  is  b'-O"  above  grade. 
The  existing  building  is  divided  into  two  areas  by  a  12"  brick 
fire  wall. 


2*3*3  Blast  Realstant  Design  (Fig.  1.7  -  1.9) 

The  proposed  Blast  Resistant  Warehouse  is  a  reinforced 
concrete,  windowless  structure  with  both  utility  and  blast 
doors  for  ell  openings.  The  clear  dimensions  have  been  main¬ 
tained  essentially  the  see  os  those  of  the  Keesler  ATB 
structure.  The  minimum  vertical  clearance  (12* -8"  to  bot  toe 
of  transverse  beams)  is. the  same  es  used  at  Xeealer  AFB. 


Fig.  2,7 


The  root  is  of  beta  and  slab  construction,  utilizing 
shallow  beams  to  minimize  the  overall  building  height  end  the 
vartioal  span  of  the  vails.  The  roof  beans  are  restrained 
at  the  vails  by  pilasters  of  the  sane  cross  sectional  dimen¬ 
sion *  as  *he  beans.  The  front  and  rear  vail  panels  are  de¬ 
signed  as  two-way  slabs  supported  at  the  pilasters  and  the 
floor  and  root  slabs,  The  end  vails  span  vertically  between 
the  roof  and  floor  slabs.  The  roof  md  floor  slabs  ere  de¬ 
signed  as  deep  beans  to  carry  the  wall  panel  blast  loads.  The 
concrete  valla  are  utilized  as  shear  vails  to  trananit  the 
translational  loads  from  the  roof  and  floor  slabs  to  the 
foundation.  One  interior  shear  vail  (at  coluan  line  10)  was 
used  for  the  10  and  20  pel  designs,  and  two  interior  sheer 
vails  (at  coluan  lines  7  and  12)  were  used  for  the  30  psi 
design. 

A  burled  personnel  shelter,  for  radiation  and  fallout 
protection,  vith  s  capacity  of  approximately  10  persona  (based 
upon  10  sq.  ft.  of  floor  area  per  person)  is  provided  below 
the  floor  elab  adjacent  to  the  office  area.  The  concrete 
thicknessea  in  the  shelter  ares  is  controlled  by  the  radiation 
requirements. 

The  roof,  vails,  columns  and  footings  8re  designed  for 
plastio  deformation.  Blast  doors  are  designed  for  maximum 


elastie  deformation 


2.L  ITEM  NO.  !<  -  F./.PTH  COVERED  CCTPF7E  IGLX  !'ACA7.ITrC  (2f,  ZO. 

I6o,  26ti  >SI)  *  1  L 

2.1*. 1  General 

Ihe  design  of  t ha  earth  covered  concrete  Igloo  ae  shown 
on  Ammann  L  Whitney  Drawing  No.  60-17-02  in  adapted  from  drawing 
Nb,  33-15-06,  Sheet  1  to  7  of  7  sheets,  entitled  "Magazine, 
Mounted  Concrete  Igloo,  "Department  of  the  Arsgr,  Office  of  the 
CMef  of  fihgineers,  Military  Construction  Engineering  Division, 
Washington,  D.C.  (1  August  1951)* 

2.1*.2  Exir ting  Building 

The  inferior  floor  dimensions  of  the  existing  building 
are  60* -8"  x  26*  -6* «  Ihe  arch  thickness  varies  froa  6"  at  the 
crown  to  l*-!*"  at  the  floor  level,  "he  arch  is  tied  by  tie 
beans  beneath  the  floor  slab.  Ihe  floor  slab  which  is  on  a  6" 
gravel  fill,  is  2'-l*  to  above  the  6*-0"  wide 

footln  s.  Access  to  the  building  is  by  way  of  double  steel 
doors  at  the  end  wall.  Abo  e  the  eroim,  the  arch  is  covered 
with  2*-0"  of  earth  which  slopes  to  grade  around  the  perimeter. 
2.L.3  Blast  Resistant  Design  (Fig,  i.io  -  1,13) 

The  proposed  structures  is  a  reinforced  concrete  arch 
with  the  sane  interior  floor  dimensions  ae  the  existing  type 
structure.  The  distance  between  the  top  of  the  floor  slab 
and  the  aroh  intradoe  et  the  crown  12*-9M  (intredos  radius  • 
13*-5")»  Ihe  top  of  the  floor  slab  is  at  grade.  The  arch 
thicknesses  are  8,  11*,  22  and  28  inches  for  the  25,  50,  100 
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Fig.  2.12 


2.20 


and  200  pel  pressure  levels  respectively.  Hie  arch  is  covered 
with  earth,  as  required  for  radiation  protection,  and  nay  be 
lowered  if  it  is  desired  to  balance  cut  and  fill.  Entrance  to 
the  structure  is  by  way  of  a  T-shaped  (in  plan)  corridor  through 
the  earth  cover.  The  entry  is  baffled  for  radiation  require¬ 
ments.  A  steel  blast  resistant  door  at  the  corridor,  a  con¬ 
ventional  door  for  ordinary  use  and  an  emergency  exit  're  pro¬ 
vided  as  shown  on  the  drawings.  The  foundation,  end  walls  and 
entrancevoy  are  designed  for  plastic  deformation.  The  mch  is 
designed  for  a  maximum  side  sway  at  the  crown  equal  to  1/50  of 
the  radius.  The  blast  door  and  esoape  hatch  door  are  designed 
for  maximum  elastic  deformation. 

The  blast  load  over  the  entire  section  of  the  ernh  was 
assueed  as  a  uniform  radial  pressure  plus  an  antisymsstrlcsl 
radial  pressure  as  recommended  in  ths  C  of  E  Manual,  The  blast 
load  on  the  surface  of  the  earth  cover  for  the  50,  100  and  200 
pal  levels  was  computed  by  the  method  described  in  "Transonic 
Pressures  on  Above-Ground  Earth  Covered  Structure  a".  Appendix 
B.  The  25  psi  level  loading  was  computed  in  accordance  with 
the  C  of  £  Manual.  The  pressure  on  the  surface  of  the  structure 
was  then  computed  by  use  of  the  "Mohr's  Circle  Solution". 

2.5  ITEM  NO.  5  -  FAfiTH  CT.7EPED  C-'NCT’KTE  PECT/'JCULAR  STRUCTURE 

i«r,  sMTfir  ~ - 

2.5.1  General 

The  design  of  the  Eorth-Covered,  Concrete  Rectangular 
Structure  as  shown  on  Aiavann  &  Whitney  Drswing  No.  60-18-01 
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conforms  to  the  dimensions  stated  In  the  oon treat  and  further 
described  in  preliminary  discussions  between  representatives 
of  the  Contracting  Officer  and  Assnann  &  Whitney* 

2*5*2  Blast  Resistant  Deslpi  (Fip.  l.U*  -  1.17) 

The  proposed  structure  is  a  reinforced  concrete  rectangular 
box  with  floor  dimensions  of  UO'-O"  x  80*-0n  clear.  The  minimum 
vertical  clearance  is  9'-0n  to  bottom  of  beams.  The  top  of  the 
floor  slab  is  at  grade.  The  structure  is  covered  with  earth, 
as  required  for  radiation  protection,  of  constant  depth  above 
the  roof  and  with  a  2:1  slope  around  the  perimeter.  The 
structure  may  be  lowered  if  it  is  desired  to  balance  cut  and 
fill*  Entrance  to  the  structure  is  by  way  of  e  T-shaped  (in 
plan}  corridor  through  the  earth  cover.  The  entry  is  baffled 
for  radiation  requirements*  A  steel  blast  resistant  door  at 
the  corridor,  a  conventional  door  for  ordinor-  use  and  an 
emergency  exit  are  provided  as  shown  on  the  drawings.  The  roof 
is  of  beam  and  slab  construction,  with  shallow  interior  beams 
to  minimize  the  overall  building  height  and  the  vertical  span 
of  the  valla*  The  roof  beams  are  restrained  at  the  valla  by 
exterior  pilasters*  The  wall  panels  are  two-way  slabs  sup¬ 
ported  at  the  pilasters,  roof  elsb  and  floor  slab. 

The  roof,  walls,  foundation  and  entranevay  are  designed 
for  plastic  deformation*  The  blast  door  and  escape  hatch  door 
are  designed  for  maximum  elastic  deformation* 
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Fig.  2  15 


Fig.  2.16 


Fig.  2.17 


The  bleat  load  on  the  surface  of  the  earth  cover  w as 
ccoputed  by  the  aethod  described  In  "Transonic  Pressures  on 
Above  around  Earth  Covered  Structures",  Appendix  3.  The 
pressure  on  the  structure  was  then  ccnputea  by  use  of  the 
"Mohr's  Circle  Solution". 

2.6  ITU  NO.  6  -  EARTH  COVERED,  CONCRETE  DOUBLE  BARREL  ARCH 


2.6.1  General 

The  design  of  the  Earth  Covered  Concrete  Double  Barrel 
Arch  as  shown  on  Anaann  it  'Whitney  Drawings  Noc  16-18-02  con¬ 
forms  to  the  diaenslons  stated  in  the  contract  and  further 
described,  in  preliminary  discussions  between  representatives 
of  the  Contracting  Officer  and  Ansann  &  Whitney. 

2.6.2  Blast  Resistant  Design  (Fig.  1.18} 

The  proposed  structure  is  s  reinforced  concrete  double 
berrel  arch  with  interior  floor  diaenslons  of  S0’-0"  x  hh'-Q”, 
The  distance  between  the  top  of  the  floor  slab  and  the  in  trades 
at  the  crown  is  12’-6",  (intrados  radius  •  12'-0") .  The  top 
of  the  floor  slab  is  at  grade.  The  arches,  which  are  12"  thick, 
are  supported  along  their  intersection  by  a  counon  wall.  The 
clear  distance  between  the  top  of  the  floor  slab  and  the  intra¬ 
des  along  the  longitudinal  centerline  is  7 ’-0".  The  structure 
is  covered  with  earth,  as  required  for  radiation  protection, 
with  a  depth  of  $f-6"  above  the  crown  and  2 il  slopes  around 
the  perlaeter.  The  structure  nay  be  lowered  if  it  is  desired 
to  belance  cut  and  fill.  Entrance  to  the  structure  is  by  way 
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of  a  T-shaped  (in  plan)  corridor  through  the  earth  cover.  The 
•ntry  ia  baffled  for  radiation  requirementa.  A  steel  blast 
resistant  door  at  the  corridor,  a  conventional  door  for  ordinarj 
use  and  an  emergency  exit  are  provided  as  shown  on  the  drawings 

The  foundation,  ana  walls  and  entranceway  are  designed 
for  plastic  defomation.  The  arches  were  analyzed  as  a  system 
with  fixed  exterior  support j  and  a  coimaon  elastic  support  at 
the  Interior  wall.  Each  of  the  arches  is  designed  for  a  maxi* 
mom  allowable  sidesway  1/lCO  of  the  springing  line  cord  length. 
The  blast  door  and  escape  hatch  door  were  designed  for  maximum 
elastic  deformation. 

The  blast  load  on  the  surface  of  the  earth  cover  was 
computed  by  the  method  described  in  "Tianaonic  Pressure  on 
Above  Ground  Earth  Covered  Structures"  Apoendlx  3.  The  pres sun 
on  the  structure  was  then  computed  by  use  of  the  "Mohr's  Circle 
Solution". 

The  blast  load  on  each  arch  was  assumed  as  a  uniform 
radial  pressure  plus  an  antisynmetrical  radial  pressure  as 
recommended  in  the  C  of  E  Manual. 

2.7  ITB*  NO.  7  -  EARTH  COVERED  CONCRETE  DCMr.  ($0,  100,  200  PSl) 
2.7.1  General 

The  design  of  the  Earth  Covered  Concrete  Dome  as  shown 
on  Amann  &  Whitney  Rawing  No.  60-19-03  conforms  to  the  di¬ 
mensions  stated  in  the  contract  and  further  described  in  pre¬ 
liminary  discussions  between  representatives  of  the  Con¬ 
tracting  Officer  and  Annum  &  Whitney; 
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2*7.2  Blast  Reeietant  Design  (Kiy.  1.19  -  1.21) 

The  proposed  structure  la  a  reinforced  concrete  hemi¬ 
spherical  dome  with  a  constant  inside  radius  of  12* -6"  and  an 
inside  diameter  at  the  floor  of  2£,-0".  The  top  of  the  floor 
slab  is  on  grade.  The  structure  is  core  red  with  earth,  as 
required  for  radiation  protection,  and  max  be  lowered  if  it  is 
desired  to  balsa ce  cut  and  fill.  Entrmoe  to  the  structure  is 
by  way  of  a  T-shaped  (in  plan)  corridor  through  the  earth 
cower.  The  entry  is  baffled  for  radiation  requirement?'.  A 
steel  blast  resistant  door  at  the  oorridor,  a  conventional  door 
for  ordinary  use  and  an  emergency  exit  are  provided  as  shown 
on  the  drawings. 

The  foundation  and  entranceway  are  designed  for  plartic 
deformation.  The  dome,  blast  door,  and  escape  hatch  door  are 
designed  for  maximum  elastic  deformation. 

The  blast  load  on  the  surface  of  the  earth  cover  was 
computed  by  the  conservative  as sumption  that  the  floor  was  two 
dimensional  and  using  the  method  described  in  "Transonic  Pres¬ 
sures  on  Above  Qrcund  Earth  Covered  Structures",  Appendix  B. 

The  pressure  on  the  structure  *as  then  computed  by  use  of  the 
Tiohr'e  Circle  Solution".  The  blast  load  over  the  dome  surface 
was  assumed  as  a  uniform  radial  pressure  plus  an  antisymetrlcal 
radial  pressure  as  reconmended  in  the  C  of  E  Kamel. 

2.8  ITEM  NO.  8  -  guars  CONCRETE  p-xtanttl T.  ($0,  100,  2 CO  PSI) 

2.8.1  General 

The  design  of  the  Buried  aeotangular  Structure  es  shown 
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Fig.  2.19 
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on  Arsunn  St  VJhitn ey  Drawing  No.  60-18-OU  conforms  to  the 
dimensions  stated  in  the  contract  and  further  described  In 
preliminary  discussions  between  representatives  of  the  Con¬ 
tracting  Officer  and  Amu  arm  St  YJhitney, 

2.8,2  Blast  Resistant  Design  (rl»;.  3.22  -  1.21;) 

The  proposed  structure  is  a  reinforced  concrete  rectangular 
box  with  floor  dimensions  of  U0'-6"  x  30’ -0"  clear.  The  minimum 
vertical  clearance  is  9'-Q"  to  bottom  of  jeans,  the  structure 
is  located  below  grade  as  required  for  radiation  protection. 

The  entrance  consists  of  a  partially  coverod  stairwell  which 
1s  separated  from  the  main  structure  by  aeans  of  a  stool  blast 
resistant  door.  A  conventional  door  for  ordinary  use  and  an 
emergency  exit  are  provided  as  shown  on  the  drawing.  The  roof 
is  of  besa  and  slab  construction,  with  shallow  interior  beams 
to  minimize  the  overall  building  haight  and  the  vertical  span 
of  the  walls.  The  roof  beams  are  restrained  at  the  walls  by 
interior  pilasters  of  the  same  cross  sectional  dimensions  as 
the  beams.  The  wall  panels  are  two-way  slabs  supported  at  the 
pilasters,  roof  slab  and  floor  slab. 

The  roof,  walls,  foundation  and  entrancswmy  are  designed 
for  plastic  deformation.  The  blast  door  and  escape  hatch  door 
are  designed  for  maximum  elastic  deformation. 

The  blast  load  on  the  roof  slab  and  walls  of  tha  main 
structure  was  assumed  to  be  the  same  as  the  incident  preesurs 
at  the  ground  surface. 
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Fig.  2.22 


Fig.  2.23 


2.9.1  general 

The  design  of  the  Buried  Concrete  Double  Darrel  arch 
as  shown  on  Ataaann  L  Whitney  Drawing  No.  60-18-0$  conforms  to 
the  dimensions  stated  in  the  contrast  and  further  described  In 
preliminary  discussions  between  representatives  of  the  Con¬ 
tracting  Officer  and  Assam  &  Whitney. 

2.9.2  Blast  Resistant  Design  (Fig.  1.2$) 

The  proposed  structure  is  a  reinforced  concrete  double 
barrel  arch  and  has  interior  floor  dimensions  of  80*-0"  x  UU'-O". 
The  distance  between  the  top  of  the  floor  slab  and  the  in  trades 
at  the  orown  is  12' -6"  ( intrados  radii's  •  12* -0"),  The  arohesf 
which  ore  8"  thick,  are  supported  along  their  intersection  by 
a  common  wall.  The  clear  distance  between  the  top  of  the  floor 
alab  and  the  Intrados  along  tbs  longitudinal  centerllns  is 
7*-0%  The  extrados  at  the  orown  is  6'-0"  below  the  ground  level 
es  required  for  radiation  protection.  The  entrance  consists 
of  a  partially  covered  stairwell  which  is  separated  from  the 
structure  by  means  of  a  blast  resistant  steel  door.  A 
conventional  door  for  ordinary  use  and  an  emergency  exit  are 
shown  on  the  drawing. 

The  roof,  walls,  floor  and  sntrancewmy  wars  designed  far 
plastic  deformation.  The  blast  door  and  escape  hatch  door  were 
designed  for  maximum  elastic  deformation. 


The  blavt  load  on  »ach  arch  was  assumed  as  a  unifona 
radial  pressure  equal  to  the  incident  pressure  at  the  ground 
surface  a a  rec amended  in  the  C  of  £  Manual* 

I 

2.10  ITSM  NC*  10  -  JJMSS  CXCItZTE  (50.  100  ,  200  PSI) 

2.10*1  General 

The  design  of  the  Juried  Concrete  Done  as  shown  on 
Aaraann  &  Whitney  Drawing  No.  60-18-06  conforms  to  the  dimen¬ 
sions  stated  in  the  contract  and  further  described  in  pre¬ 
liminary  discussions  between  representatives  of  the  Contracting 
Officer  and  Ammann  &  Whitney. 

2.10.2  Blast  Realatant  Design 

The  proposed  structure  is  a  reinforced  concrete  hemi¬ 
spherical  demo  with  a  constant  inside  radius  of  12 ’-6 n  and 
an  inside  diameter  at  the  floor  of  25  * -0".  The  structure  is 
below  grade  ss  required  for  radiation  protection.  The  entrance 
consists  of  a  partially  covered  stairwell  which  is  separated 
from  the  main  structure  by  mans  of  a  blast  resistant  steel  door. 
A  conventional  door  for  ordinary  use  and  an  emergency  exit  are 
shown  on  the  drawing.  The  dome  thickness  varies  from  8"  at 
the  foundation  to  3"  (for  $0  and  100  PSI)  or  it£"  (for  20C  PGI) 
at  a  line  located  6* -0"  above  *he  footing.  The  remainder  of 
the  dome  is  of  constant  thickness. 

The  foundation  and  entrancevay  are  designed  for  plastic 
deformation.  The  dorse,  blast  door,  and  escape  hatch  door  are 
designed  for  maximum  elastic  deformation. 
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The  blast  load  over  the  dame  surface  vie  assumed  as  a 
uniform  radial  pressure  as  recommended  in  the  C  of  E  Haausl. 

2.11  ITEM  WO.  T1  -  BURIED  CONCRETE  I0I£0  ($0.  100.  200  P3I) 

2.11.1  Owner*! 

The  design  cf  the  Buried  Concrete  Igloo  as  shown  om 
Assam  k  Whitney  He  swings  No.  60-18-07  conforms  to  the  dimen¬ 
sions  stated  in  the  contract  and  further  described  in  preliminary 
discussions  between  representatives  of  the  Contracting  Officer 
and  Amuutn  k  Whitney. 

2.11.2  Blast  Resistant  Design  (Fig.  1.29  -  1.51) 

The  proposed  structure  is  a  reinforced  oooerete  arch 
with  interior  floor  dimensions  of  60,-6s  z  26* -6**,  The  dis¬ 
tance  between  the  top  of  the  floor  elab  and  the  arch  extradoe 
at  the  crown  is  12*-9”  (intrudes  radius  •  13f-5*)«  Tht  arch 
thickness  is  8”  for  the  £0  and  100  FSX  levels  ant  10"  for  the 
200  PSI  level.  The  structure  is  below  grade  as  required  for 
radiation  protection.  The  entrance  consists  of  a  partially 

covered  stairwell  which  is  separated  from  the  main  structure - 

by  means  of  a  blast  resistant  steel  doer.  A  conventional  door 
for  ordinary  use  and  an  emergency  exit  are  shown  on  the  drawing. 

The  foundation,  end  walls  and  sntrancswuy  ore  designed 
for  plastic  deformation.  The  arch,  blast  door  and  escape  hatch 
door  are  designed  for  maximal  elastic  deformation. 

The  blast  load  over  the  arch  surface  was  assumed  as  a 
uniform  radial  pressure  as  recomsended  is  the  C  of  E  Manual. 
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Fig.  2.30 
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Fig.  231 


CHAPTER  3  COST  OF  STTJCrJRBS 


1  GENERAL 

Chapter  3  sumarizes  the  estimated  quantity  of  material! 
and  construction  costa  for  the  various  structures  (including 
•ntranees,  exit*  and  persor*>ei  shelters)  designed  to  realat 
nuclear  detonations. 

The  unit  prices  used  for  the  structural  estimates  are 
baaed  upon  national  average  coeta  using  the  National  Construc¬ 
tion  Estimator  (1957-1953  Edition)  as  a  guide.  ihe  architecture 

t 

unit  prices  for  items  i#  2  and  3  were  taken  fcrcm  the  actual 

costa  of  the  conventional  structures  used  in  this  study.  Unit 

prices  for  blast  doora  and  exit  hatch  doors  were  obtained  from 

actual  coate  of  similar  doors.  It  was  assumed  that  the  structur 

were  above  ground  water  level  and  that  the  excavations  were  free 

» 

from  large  amounts  of  rock. 

The  total  costa  for  each  of  the  eleven  structures  studied 

i 

are  shown  in  Table  3.1.  The  cost  breakdowns  for; the  main 
struotures  and  shelters  of  items  1  through  },  and  the  cost  break¬ 
downs  for  the  main  structures!  entrances  and  exits  for  items 
li  through  11  are  given  in  Tables  3.2  and  3.3  respectively. 

The  architectural  and  structural  costa  and  quantity  of  material* 
of  Items  1  through  3,  and  structural  costs  and  quantity  of 
materials  for  items  U  through  11  are  completely  itemized  in 
Appendix  A.  Additional  expenses  and  increased  space  allocation 

I 
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TABLE  3.1-TOTAL  COST  ESTIMATE  SUMKART-ITS'-S  1  TOC!  11 


ITS! 

TITLE 

PRESSURE 

(pai) 

003T 

(1) 

Administration  Bldg.  -  Conventional 

rjf| 

♦  317,335 

Administration  Bldg.  -  Blast  Rsaistant 

10 

395,531* 

Administration  Bldg.  -  Blast  Rsaistant 

20 

1*81,213 

Administration  Bldg.  -  31ast  Rsaistant 

30 

593,058 

(2) 

CosBunication  Bldg.  -  Conrsntional 

66,828 

Communication  Bldg.  -  Blast  Rsslstant 

10 

91,805 

Co— nmloation  Bldg.  -  Blast  Rsaistant 

20 

110,679 

Communication  Bldg.  -  Blast  Rsaistant 

30 

131,993 

(3) 

Warehouse  •  Conrsntional 

_ 

106,865 

Warshouss  •  Blast  Rsaistant 

10 

165,11*1 

Warehouse  -  Blast  Rssistant 

20 

213,1*20 

Warehouse  *  Blast  Rsslstant 

30 

286,065 

(U) 

Earth  Covered,  Concrsts  Igloo 

25 

31,788 

Earth  Covered,  Concrsts  Igloo 

50 

52,591* 

Earth  Covered,  Concrsts  Igloo 

100 

70,590 

Earth  Covered,  Conorsts  Igloo 

200 

103,775 

(5) 

Earth  Ccnmrsd,  Conorsts  Rsot angular 

25 

63,566 

Earth  Covered,  Concrsts  Rectangular 

50 

77,086 

Earth  Covered,  Concrsts  Rectangular 

100 

107,561 

Earth  Covered,  Conorsts  Rsetangular 

200 

152,128 

(6) 

Earth  Covered,  Concrete  Double  Barrel  Aroh 

50 

96,1*31 

(7) 

Earth  Covered,  Concrsts  Dens 

50 

23,979 

Earth  Covered,  Concrsts  Dens 

100 

29,1*28 

Earth  Covered,  Concrete  Dene 

200 

Ul*,758 

(8) 

Buried,  Conorsts  Rectangular 

50 

75,639 

Burled,  Conorsts  Rsetangular 

100 

93,855 

Burled,  Conorsts  Rectangular 

200 

129,811 

(9) 

Buried,  Concrete  Double  Barrel  Arch 

50 

79,661* 

(10) 

Burled,  Concrsts  Done 

50 

21,913 

Burled,  Conorsts  Dams 

100 

27,539 

Buried,  Conorsts  Dons 

200 

3U,637 

(11) 

Burled,  Conorsts  Igloo 

50 

l*i*,300 

Buried,  Concrete  Igloo 

100 

55,393 

Buried,  Concrsts  Igloo 

200 

70,069 

3.2 
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TABLE  3*3  -  POST  ESTIMATE  SBMtART-HBC  it  ™T11 
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will  bis  incurred  in  tbs  personnel  shelter  sons*  of  items  1 
through  3  for  providing  such  additional  equipment  and  faci¬ 
lities  as  electronic  sensing  devices,  blast  valves,  chemical 
filters,  protected  cooling  water  supply  (cooling  towers,  spray 
ponds  or  wells)  electrical  and  mechanical  standby  equipment, 

i 

lavatory  facilities,  decontamination  facilities  and  botton-up 
provisions.  The  cost  of  such  equipment  end  facilities  will 
depend  upon  the  elze  of  the  occupancy  and  duration  of  stay. 
Similar  cost  Increases  must  be  considered  for  the  non- standard 
type  structures,  items  h  through  11,  if  they  are  to  be  used 
far  personnel  protection, 

3.2  STAW3ARD  STRUCTURES 

The  architectural  and  structural  costs  of  the  standard 
a  true  tores  (Items  1,  2  and  3)*  which  are  designed  to  afford 
blast  protection  of  the  entire  structures  are  not  increased 
appreciably  by  the  additional  structural  cost  of  personnel 
shelters.  Table  3.a  shows  that  the  percentage  cost  due  to  the 
addition  of  personnel  shelters  remains  almost  constant 
for  the  various  overpressure  levels  considered. 

TABU  3.U  PERCENT  INCREASE  OF  THE  MAIN  STRUCTURE 

COST  8T  THE  ADTITI0N  OF  PERSONNEL  SHELTERS 


Items  Pressure  Level  (osi) 

_ 10  20  jo 


1 

6.2 

5.2 

a.i 

2 

11.  h 

10.0 

9.9 

3 

U.9 

1.8 

a. 7 

3.5 


A  plot  of  the  structure  cost  per  sq.  foot  of  floor  area 
versus  the  overpressure  levels  for  the  standard  type  structure*, 
1  thraijjh  3,  is  shown  in  Fig.  3.1.  WhUe  Fi 3.  3.?  indicate* 
the  unit  cost  per  sq.  foot  of  floor  area  of  the  blast  variable 
structural  items  only.  The  unit  cost  of  the  one  story  buildings 
(Items  ?  and  3)  is  shown  to  e  directly  proportional  to  the 
overpressure  level  for  the  range  considered.  The  cost  of  multi* 
story  structure  (Item  1)  is  directly  proportional  to  the  over* 
pressures  greater  than  10  pal  while  the  overpressure  levels 
less  than  10  pel  the  effects  of  the  architectural  coat  can 
be  clearly  seen.  The  fact  that  the  multi-story  structure 
cost  curve  shows  a  smaller  slope  than  either  of  the  single 
story  structures,  up  to  the  overpressure  range  considered,  can 
be  explained  in  part  by  the  cost  saving  inherent  In  the  un¬ 
exposed  interior  floor  slab  in  the  former. 

3.3  NQM-STANTVJID  STRUCTURES 

The  total  cost  of  the  non-standard  buildings,  item  It 
through  11,  are  af  'acted  by  the  type  of  entrances  and  ocita 
used.  In  this  cost  study,  the  cost  of  the  entrances  and 
exits  varied  from  17  to  7?  percent  of  the  total  cost,  depending 
on  the  type  of  structure.  In  the  case  of  the  burled  and  earth 
covered  dome,  the  cost  of  the  entrance  and  exit  portion  of  the 
structure  excoeded  the  cost  of  the  main  chamber  b7  as  much  ss 
275  percent.  For  the  majority  of  the  structures  studied  the 
entrance  and  exit  portions  of  structures  vere  approximately 
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LEGEND 

O  il»m  I  Administration  Building  —  (Mutti-  Story ) 
A  Item  2  Communication  Building  -  (I  Story  ) 

□  Item  3  Warehouse-  (I  Story) 
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PEAK  INCIDENT  OVERPRESSURE  (PSD 

Pig.  3.1  UNIT  COSTS  OF  HARDENING  ABOVE  GROUND  CONVENTIONAL  TYPE 

BUILDINGS  (PERSONNEL  SHELTER,  MECHANICAL  8  ELECTRI2AL 
COSTS  NOT  INCLUDED) 


saooa  isvis  «  313«onoo  oniomo3ni3«  30  isoo 
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PEAK  INCIOENT  OVERPRESSURE  (PSI) 

Fig. 3.2  UNIT  COSTS  OF  HARDENING  ABOVE  GROUND  CONVENTIONAL  TYPE  BUILDINGS 
(BLAST  VARIABLE  STRUCTURAL  ITEMS  ONLY  —  PERSONNEL  SHELTER. 
MECHANICAL  B  ELECTRICAL  COSTS  NOT  INCLUDED) 


2 5  percent  of  the  total  coat.  substantial  coat  saving  could 
be  acMeved  for  the  non-standard  structures  particularly  the 
dome  structure,  if  the  u3e  of  the  structure  would  allow  the 
substitution  of  a  vertical  shaft  type  entrance  similar  to 
the  emergency  exit.  Further  savings  may  be  attained  if  the 
structure  is  not  used  for  radiation  protection.  A  plot  of  (l) 
main  structure  costs,  exclusive  of  entrances  and  exits,  (?) 
blast  variable  structural  items  and  (3)  total  cost  versus  the 
overpressure  levels  are  shown  In  Fig.  3.3>  3.li  and  3.5  re¬ 
spectively. 

In  the  buried  arch  and  done  type  structures  considered 
the  cost  of  the  shell  is  only  slightly  affected  by  the  various 
design  overpressures  considered.  The  shell  thicknesses  except 
for  the  200  psi  level,  were  determined  by  minimum  requirements 
for  construction.  The  cost  of  the  earth  covered  structure, 
in  each  case,  exceeded  that  of  the  buried  structure  of  similar 
type.  In  several  cases  at  the  lover  pressure  levels,  footings 
and  a  "floating"  floor  slab  were  used  instead  of  flat  plates 
in  the  foundation  design.  This  is  indicated  by  the  use  of 
dashed  lines  in  Fig.  %3.  3.li  and  3.5. 
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Fig. 3.4  UNIT  COSTS  FOR  HARD  MOUNDED  AND  SHALLOW  BURIED  STRUCTURES 
(BLAST  VARIABLE  STRUCTURAL  ITEMS  ONLY- ENTRANCE  WAYS  NOT 
INCLUDED) 
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BUILD  ITO  TTPKS 


(Contract  Ho*  DA  49-12 9-£ng-317 ) 
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COST  ESTIMATE  -  CONVENTIONAL  AgHNISTRAT  I  CM  BUILDUP 


DESCRIPTION 

UNIT 

Excavation  &  Fill 

rr 

aacnina  excavation 

C.T. 

2. 

hand  axcavatlon 

C.T. 

3. 

backfill 

C.T. 

i*. 

trenching  for  pipes 

L.F. 

below  floor 

5. 

eeleot  gravel  fill 

C.I. 

6. 

level  &  tamp  for  slab 

S.F. 

fill 

7. 

random  fill  under  slabs 

C.T. 

Foundation  Concrete 

C.T. 

TT 

footings 

2. 

walls 

C.T. 

3. 

footing  form 

S.F. 

1*. 

wall  form 

S.F. 

5. 

haunch  Ct  pier  form 

S.F. 

6. 

slabs  on  ground 

C.T. 

7. 

2"  precast  oonerete 

S.F. 

trench  covers 

8. 

3"  concrete  floor  fill 

C.T. 

9. 

wood  aooese  panels 

S.F. 

10. 

3"  I  trench  oover 

Ton 

supports 

11. 

l/2"  x  5"  prewoulded 

L.F. 

exp.  Joint 

12. 

reinforcing  nosh 

6x6  -  IlisqfU 

Sq. 

13. 

Hi. 

reinforcing  bare 
float  finish  exterior 

Ton 

platform 

S.F. 

15. 

paint  top  of  pipe 

3.F. 

trenoh  wall 

16. 

platf ora  edge  form 

S.F. 

Conorrte  Fraae 

IT 

first  floor  slab  fc 

C.T. 

beau 

2. 

oonerete  steps , 

S.F. 

suspended 

3. 

oonerete  steps  on  fill 

3«P  • 

1*. 

firet  floor  slab  form 

S.P. 

5. 

first  floor  besa  form 

S.F. 

6. 

second  floor  slabs 

C.T. 

7. 

second  floor  slab  foxes 

S.F. 

8. 

reinforcing  steel 

Ton 

9. 

preoast  oonerete  plank 

S.F. 

mnT 

QUANTITT  PRICE  COST 


3,100 

3  1.35 

9  !*,135 

305 

1*.00 

1,220 

960 

0.80 

768 

lt90 

1.50 

735 

65 

3.50 

228 

15,U08 

0.03 

1*62 

108 

2.00 

376 

128 

30.00 

3,ei*o 

lil6 

30.00 

12,1*90 

2,61*0 

o.uo 

1,056 

2l*,800 

0.<0 

12,1*00 

1,380 

0.80 

1,101* 

216 

30.00 

6,i*oO 

2,01*8 

1.65 

3,379 

19 

30.00 

570 

UB 

l.5o 

72 

0.92 

380.00 

350 

1,27U 

0.10 

127 

162 

6.81* 

7,100 

7.1*0 

250.00 

1,850 

1*00 

0.15 

60 

300 

0.08 

2U 

70 

0.!*0 

28 

93 

30.00 

2,790 

90 

7.50 

675 

90 

U.50 

1*05 

lt,600 

0.75 

3,1*50 

680 

0.90 

612 

3 

30.00 

2l*0 

510 

0.75 

383 

6.70 

250.00 

1,675 

380 

0.90 

31*2 
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COST  gSTOUTS  -  CONVENTIONAL  ADMIN  I3TRATICB  BUILDIIQ 


UNIT 


DESCRIPTION 

UNIT 

QUANTITT 

PSIC1 

COST 

Stael  Frw 

steel  beans  i  channels 

2.  eon crete  filled  pipe 

Ton 

69.00 

380.00 

26,220 

oolunns 

Ton 

12.60 

300.00 

3,780 

Miscellaneous  Iron 

1.  Single  pipe  rail 

L.r. 

36 

2.58 

93 

2.  double  pipe  rail 

3*  steel  stairs,  pan  type 

L.P. 

36 

5.90 

221* 

safety  nosings 

R. 

36 

60.00 

2,160 

1*.  gratings  &  trench  eorers 

3.7. 

86 

U.80 

1*22 

▼salt  Construction 

1.  concrete  walls  and  slabs 

C.T. 

62 

30.00 

1,860 

2*  wall  and  slab  fonss 

3.7. 

3,U25 

o.5o 

1,713 

3*  reinforcing  steel 

U«  trowel  slab  &  apply 

Ton 

2.85 

250.00 

713 

hardener 

S.7. 

350 

0.15 

53 

5#  Ysnlt  doore 

Xa. 

2 

360.00 

720 

Mason  Work 

1.  12*  concrete  block 

Bl. 

11,900 

0.75 

8,925 

2.  16”  concrete  U  block 

Bl. 

1,200 

1.25 

1,500 

3,  ij."  concrete  block 

U.  concrete  flllfbr  bleck 

Bl. 

500 

o.Uo 

200 

voids 

C.T. 

$9 

30.00 

1,770 

5.  reinforcing  bare 

Ton 

9.30 

250.00 

2,325 

6.  aasonry  wall  reinforoing 

7.  precast  concrete  sill 

L.?. 

3,500 

0.15 

525 

(5*  x  5*) 

L.F. 

771 

1.95 

1,503 

8,  firebrick  floe  lining 

Br. 

2,900 

0.20 

580 

9.  fabric  wall  flashing 

S.7. 

2,280 

0.60 

1,368 

10*  caulking 

S.7. 

2,600 

0.20 

<20 

11.  concrete  chlanay  oap 

Ea. 

1 

55.00 

55 

12«  ooncrete  splash  blocks 

Ea. 

2 

20.00 

1*0 

Concrete  Finishes 

1*  trowel  (or  floor  covering 

S.F. 

13,506 

0.15 

2,026 

2.  trowel  for  grano.  finish 

3.7. 

5,230 

0.18 

9U1 

3«  concrete  filled  stair  pans 

S.F. 

261* 

o.5o 

132 

U.  floor  hardener 

3.7. 

5,230 

0.03 

157 

A.i.j 


COST  ESTIMATE  -  COXmTIONAL  ADKIMI STRAT ION  BUILDDiQ 


UNIT 


OJtSG&XPTICM 

UNIT 

QUANTITX 

price 

POST 

Interior  Doors  (Including  frail) 

1*  single,  glased 

la.  / 

70 

70.00 

i*,900 

2.  single,  flash 

la. 

16 

60.00 

960 

3.  pair,  gleaed 

la. 

3 

130.00 

390 

U.  pair,  Kalis  In 

la. 

3 

185.00 

555 

5.  single,  K sin  In 

la. 

5 

95.00 

U75 

6*  Datsh  doors 

la. 

1 

130.00 

130 

7.  single,  tin  olsd 

la. 

2 

85.00 

170 

8.  ohsxmsl  dear  fjrtnss 

la. 

3 

So.oo 

150 

9*  rolling  stool  door 

la. 

1 

'mm 

175 

10  •  set  si  tollot  ecspartswnts 

la. 

12 

95.00 

l,li*G 

11.  urinal  soroons 

la. 

5 

Uo.oo 

200 

12*  antrsnoe  soroons 

L.F. 

16 

15.00 

2lt0 

13.  Blrrors 

la. 

IS 

25.00 

375 

lk*  tollot  roan  soeossorlos 

L.S. 

mmm 

192 

15.  firs  oxtlnguishsrs 

la. 

6 

19.00 

ID* 

16.  olsrstor  &  doors 

mmm 

mm 

•MM 

6,000 

17.  painting 

— 

mm 

MM 

11,000 

18.  finish  hardvaro 

•M. 

mm 

MM 

2,000 

19.  rough  hardvaro 

mmm 

mm 

MM 

600 

20.  olsan  up  and  wash  glass 

■  — 

— 

— 

800 

Finish  Carpentry 

1.  wood  baas  6" 

L.F. 

U,D*o 

0.28 

1,159 

2.  wood  dodo  asp  3* 

3.  movable  partitions 

L.P. 

1,100 

0.16 

176 

(without  doors) 

_  L.F. 

U91 

13.00 

6,383 

1m  plaatio  top  shelf 

(powder  room) 

U. 

7 

3.00 

21 

5.  lavatory  shelves 

la. 

IS 

10.00 

150 

6*  boxing  eolms 

B.F. 

1,200 

0.60 

720 

7.  sain  stairs,  wood. 

■- 

5»-0»  wide 

R. 

18 

MM. 

500 

6.  wood  stairs,  3' -6"  vide 

a. 

18 

mmo 

375 

9.  olosot  shelf  and  pole 

L.F. 

10 

MM 

15 

10.  wood  ladder  It  olg.  scuttle 

la. 

1 

MM 

86 

11.  wood  stool  ft  blocking 

L.F. 

770 

0,80 

616 

12.  wood  sash  stops 

L.F. 

1,900 

O.lii 

266 

13.  wood  platforms  and  steps 
lit.  court  room  bench  and 

S.F. 

80 

2.00 

160 

platform 

L.3. 

MM 

~M 

U80 

15.  sail  roon  counter 

L.F. 

23 

20.00 

u60 

16.  oof fee  shop  counter 

L.F. 

to 

20.00 

860 

17 •  sop  racks 

Ea. 

2 

10.00 

20 

COST  ESTIMATE  -  COWENTIONAI  ABgNISrRATIflH  T>"ILDTNO 


COST 

TOTAL  SUM  $  253,865 

PRCFIT,  avmrLAD  AND  C0HTINGENCIS3  (2$g)  63,167 

TOTAL  COST  317,335 

ITEMS  NOT  INCLUDED 

TorCTSS  taken  7ron  original  aetlaate 

Ploebing  I5,lli5 

Heating  32,258 

Electric  Work  '  39,000 

$  86,1x03 


A. 1.5 


COST  ESUXATl  -  10  PSI  BLAST  BESISTAHT  APCMISTOATIOK  HJILDDO 

UNIT 


sscmpnai 

UNIT 

QUAKTITI 

PRICE 

COST 

Buiumio 

Earthwork 

1.  aachina  excavation 

C.I. 

2,651 

$  1.35 

$  3,583 

2.  hand  excavation 

C.I. 

119 

1.00 

1,676 

3.  backfill 

C.Y. 

669 

0.80 

535 

i 

1.  trenching  for  pipas 
below  floor 

L.F. 

1*93 

1.50' 

710 

5.  level  4  leap  slab 

s.f. 

11,025 

0.03| 

121 

i 

6.  select  gravel  fill 

C.I. 

5 

a 

3.50 

p1 

18 

Con erst®  Work 

1.  foundation  walla 

C.I. 

218 

f " 

30.00 

6,510 

2.  footings 

C.I. 

96 

30.00 

2,880 

3.  walls 

C.I. 

858 

30.00 

25,71*0 

1.  columns 

C.Y. 

31 

30.00 

930 

5.  floor  slabs  on  grade 

C.I. 

270 

30.00 

8,100 

6.  floor  slabs 

C.I. 

9l3 

30.00 

28,290 

7.  beaaa 

C.I. 

216 

30.00 

6,180 

8.  stairs 

C.I. 

17 

30.00 

510 

9.  finishing  floor  slabs 

S.P. 

32,116 

0.15 

1,822 

Foranrlc 

1.  footings 

S.F . 

3,271 

» 

O.ljO 

1,310 

2.  walls 

S.F. 

60.917 

0.60 

36,568 

i,  slabs 

S.F. 

32,377 

o.6n 

19,126 

U.  beams 

S.F. 

8,331 

o.9d. 

7,500 

5.  columns 

S.F. 

2,117 

0.90V  > 

1,718 

6.  stairs 

S.F. 

960 

0.80 

768 

. 1 

1 

Reinforcing 

1.  rods 

Tons 

262.00 

250.00 

65,500 

2.  wire  mesh  ( 66— 1*JU) 

Sq. 

136 

6.81 

930 

Blast  Doors 

1.  structural  steal 

Tone 

3.70 

1.00.00 

1,180 

2.  Robertson  Q  deck 

Tons 

1.00 

750.00 

750 

Roofing 

1.  5  ply  built  up  roof 

4  roof  insulation 

S.F. 

15,115 

0.55 

8,330 

A. 1.6 


COST  XSgjjlTE  -  10  PCI  BUST  BB8IBTAKT  AMMISTmTIOW  HJILIHID 


CHIT 


agqgma. 

CHIT 

.sag 

COST 

Mason  Work 

1.  U"  concrete  block 

2a. 

1,218 

0.1*0 

1*99 

2.  firebrick  flu*  lining 

Xa. 

2,900 

0.20 

580 

3.  co nc rat*  chimney  cap 

Ba. 

1 

55.00 

55 

Hough  Carpenter  Work 

1,  atud  fraM 

B.F. 

9,1*37 

0.22 

2,076 

2.  gypeue  vail  board 

S.F. 

27,1*60 

0.12 

3,295 

3.  asphalt  tile  1/B" 

S.F. 

26,877 

0.28 

7,526 

U.  ceramic  til*  floor 

S.F. 

1,260 

1.75 

2,205 

5.  cersede  til*  wainscot 

6.  oemsnt  aebertoc  board 

S.F. 

621* 

1.75 

1,092 

dado 

S.F. 

3,392 

0.30 

1,018 

7.  baa*  screeds 

L.F. 

156 

0.22 

31* 

Piniah  Carpentry 

I.  wood  base  6* 

L.F. 

1,937 

0.28 

512 

2.  wood  dado  cap  3* 

3.  wot  able  parti  tion* 

L.F. 

81*8 

0.16 

136 

(without  doors) 
li.  plaatie  top  a  half 

L.F. 

523 

13.00 

6,799 

(powder  room) 

L.F. 

7 

3.00 

21 

5.  lavatory  shelves 

Xa. 

15 

10.00 

150 

6,  closet  shelf  and  pole 

L.F. 

10 

1.50 

15 

7*  wood  platforms  4  steps 

8.  court  root  bench  and 

S.F. 

« 

60 

2.00 

160 

platform 

L.S. 

— 

— 

180 

9*  mail  room  counter 

L.F. 

25 

20.00 

5)0 

10,  coffee  shop  counter 

L.F. 

36 

20.00 

720 

11,  wop  racks 

Ba. 

2 

10.00 

20 

Exterior  Do or a 

1.  pr,  door a,  glazed 

2,  pr,  doors,  glased 

Ba. 

1 

315.00 

315 

with  transom 

3,  pr.  doors,  glased 

Ba. 

5 

365.00 

1,825 

with  removable  transom 

1,  tingle  door,  glased 

Xa, 

1 

390.00 

390 

with  transom 

Xa. 

1 

195.00 

195 

A.1.7 


COST  ESTIMATE  -  10  PSI  BLAST  RESISTANT  A  CHIB  IS  TRAIT  ON  BUILDING 


DESCRIPTION 

Interior  Doors  (Including  Prams) 
and  Interior  Details 

1.  single,  glased 

2.  dingle,  flush 

3.  pair,  glased 
h.  pair,  Kalamein 

5.  olngle,  Kalamein 

6.  Dutch  doors 

7.  single,  tin  clad 

8.  channel  door  frames 
9#  rolling  steel  door 

10.  metal  toilet  co^>art»enta 

11.  urinal  screens 

12.  entrance  screens 

13.  mirrors 

111.  toilets  room  accessories 
1$.  fire  extinguishers 

16.  vault  it  shelter  doors 

17.  olevator  4  doors 

18.  painting 

19.  flni;h  hardware 

20.  rough  hardware 

21.  single  pipe  rail 

22.  double  pipe  rail 


UNIT 

QDANUTT 

UNIT 

PRICE 

COST 

Ea. 

72 

70.00 

5,0b0 

Sa. 

16 

60.00 

960 

Sa. 

3 

130.00 

390 

Sa. 

U 

185.00 

7U0 

Ea. 

5 

95.00 

175 

Sa. 

1 

130.00 

130 

Ea. 

2 

85.00 

170 

Ea. 

3 

50.00 

150 

Ea. 

1 

175.00 

175 

Ea. 

12 

95.00 

1,110 

Sa. 

5 

10.00 

200 

L.7. 

16 

15.00 

2U0 

Ea. 

15 

25.00 

375 

L.S. 

192 

Ea. 

6 

19.00 

m 

Ea. 

U 

350.00 

1,100 

— 

— 

6,000 

... 

— 

11,000 

__ 

— 

_ 

2,000 

__ 

— 

— 

6oo 

L.F. 

19 

2.58 

U9 

L.r. 

33 

5.90 

195 

297,9# 


Building  Sun 
SHELTER 


Earthwork 


T7  machire  excavation 

C.T. 

1,237 

1.35 

1,670 

2.  hand  excavation 

C.T. 

65 

h.00 

260 

3.  backfill 

C.T. 

51*1 

0.80 

1*33 

U.  level  and  tamp 

S.P. 

1,721 

0.03 

52 

Concrete  Work 

1.  footings 

C.T. 

15 

30.00 

L50 

2.  walls 

C.T. 

66 

30.00 

1,980 

3.  columns 

C.T. 

1 

30.00 

30 

L.  floor  sl*b  on  grade 

C.T. 

3u 

30.00 

1,020 

5.  roof  slab 

C.T. 

62 

30*00 

1,260 

6.  beats 

C.T. 

5 

30.00 

150 

7.  stairs 

C.T. 

1 

30.00 

30 

8.  finishing  floor  slab 

S.P. 

1,822 

0.15 

273 

A  .1.8 


COST  ESTIMATE  -  10  PSI  BLAST  RESISTANT  AWTHISTRATTCW  BCILUrD 


WIT 


DESCRIPTION 

UNIT 

QOANTTTT 

PRICE 

C£SI 

Formwork 

1.  footings 

S.F. 

61*0 

0.1*0 

256 

2.  walls 

S.F. 

U,l*38 

0.60 

2,663 

3,  elabs 

S.F. 

1,580 

0.60 

9L8 

L.  beans 

S.F. 

368 

0.90 

332 

5.  columns 

S.F. 

120 

0.80 

96 

6.  stairs 

S.F. 

18 

0.80 

U* 

Reinforcing 

1,  rods 

Tons 

18.1 

250.00 

1,528 

2.  wire  meah  (664»L) 

Sq. 

17.8 

6.8U 

122 

Waterproofing 

S.F. 

1*,8>0 

O.liO 

1.932 

Shelter  Sum 

TOTAL  SW  -  SHELTER  PUB 

BUILDING 

• 

18,1*99 

316,1*27 

PROFIT,  OVERHEAD  AND  CONTINGENCIES  (255) 

79,107 

TOTAL  003T  395,531* 


COST  0?  PRIMARY  STHJCTUKS  372,1*10 
COST  Of  SHELTER  23,121* 
ITOfS  NOT  INCLUDED 


Mechanical  and  electrical  equipment 
Air  locks  and  decontaad nation  facilities 


1,1.9 


COST  ESTIMATE  -  20  PSI  BLAST  RMTSTiHT  AgtaiSTBATICM  BUILDIHQ 


DSSCRIPTICK 

UNIT 

QUANTTTT 

UNIT 

PRICE 

COST 

3UILDIHQ 

Earthwork 

1.  machine  excavation 

C.I. 

2,522 

*  1.35 

♦  3.1*05 

2.  hand  excavation 

C.7. 

637 

U.00 

2,51)8 

3.  backfill 

C.I. 

991* 

0.80 

795 

1*.  trenching  for  pipes 
belae  floor 

L.F. 

1*50 

1.50 

675 

5.  level  L  tajcp  slab 

S.F. 

15,311* 

0.03 

1)60 

6.  select  gravel  fill 

C.I. 

5 

3.50 

18 

Concrete 

1.  foundation  vails 

C.I. 

299 

30.00 

8,970 

2,  footings 

C.I. 

202 

30.00 

6,060 

3.  veils 

C.I. 

925 

30.00 

27,750 

1*.  columns 

C.I. 

UB 

30.00 

l,ltliO 

5.  floor  slabs  on  grade 

C.I. 

273 

30.00 

8,190 

6.  floor  slabs 

C.I. 

1,057 

30.00 

31,710 

7.  beams 

C.I. 

326 

30.00 

9,780 

8.  stairs 

C.I. 

17 

30.00 

510 

9.  finishing  floor  slabs 

S.F. 

3U,862 

0.15 

5,229 

Forevork 

1.  footings 

S.F. 

U,l*97 

0.1*0 

1,779 

2.  vails 

S.F. 

62,253 

0.60 

37,352 

3.  slabs 

S.F. 

30,779 

0.60 

18,1*67 

U.  beams 

S.F. 

8,71*2 

0.90 

7,868 

5.  oolaons 

S.F. 

1*,071 

0.80 

3,257 

6.  stairs 

S.F. 

960 

0.80 

768 

Reinforcing 

1.  rode 

Tons 

U83 

250.00 

120,750 

2.  vire  mesh  (66-U*) 

Sq. 

136 

6.81* 

930 

Blast  Doors 

T.  structural  steel 

Tons 

7.00 

1)00.00 

2,800 

2.  Robertson  Q  deck 

Tons 

1,80 

750.00 

1,350 

Roofing 

1.  5  ply  built  up  roof 

&  roof  insulation 

S.F. 

15,11*5 

0.55 

8,330 

1.1.10 


COST  ESTIMATE  -  20  ?SI  BLAST  RESISTANT  AIHIXI  STRATI  OH  BUI  ZDfO 


HasonWork 

1.  i*B  concrete  block 
2*  firebrick  flue  lining 
3.  concrete  chinney  cap 

Rough  Carpenter  Work 


gyp  aw  vail  board 
asphalt  tils  1/8" 
ceramic  tila  floor 
caraalc  tila  vainaoot 
cataent  aabaatoa  board 
dado 

baaa  aoraada 


Finish  Ci 


1.  wood  baaa  6" 

2.  wood  dado  cap  3" 

3*  movable  partitions 

(without  doora) 

L.  plastic  top  shelf 
(powder  roan) 

5.  lavatory  ahilvoa  . 

6.  closet  shelf  and  polo 

7.  wood  platforms  &  steps 

8.  court  room  banoh  and 

platfona 

9.  mail  roan  counter 
LO.  oof fee  shop  counter 
LI.  *op  racks 

Exterior  Poors 

1.  pr.  doors,  glased 

2.  pr.  doors,  glased 

with  transom 

3.  pr.  doors,  glased 

with  removable  transcm 
It.  single  door,  glased 
with  trsneam 


sm 

QUANTITY 

UNIT 

PRICE 

^22- 

Bl. 

1,030 

0.1*0 

1*12 

Br. 

2.900 

0.20 

580 

&a. 

1 

55.oo 

55 

B.7. 

9,U37 

0,22 

2  ,076 

3.F. 

27,1*60 

0.12 

3,295 

S.F. 

26,877 

0.28 

7.526 

S.F. 

1,260 

1.75 

?,205 

S.F. 

62b 

1.75 

1,092 

S.F. 

3,392 

0.30 

1,018 

L.F. 

156 

0.22 

31* 

L.F. 

1,937 

0.28 

51*2 

L.F. 

81*8 

0.16 

136 

L.F. 

523 

13.00 

6,7°9 

L.F. 

7 

3.00 

21 

_  b,. 

1$ 

10.00 

150 

L.F. 

10 

i.5o 

15 

S.F. 

80 

2.00 

160 

L.S, 

mm 

mm 

1*60 

L.F. 

25 

20.00 

5oo 

L.F. 

36 

20.00 

720 

Ea. 

2 

10.00 

20 

Ea. 

1 

315.00 

315 

Ea. 

5 

•  365.00 

',825 

Ea. 

1 

390.00 

390 

Ea. 

1 

195.00 

195 

A. 1.11 


COST  SSTIXATS  -  20  PSI  BLAST  RESI3TAMT  ADMINISTRATION  BUILDINO 


DESCRIPTION  UNIT 

Interior  Door*  (Including  Tran**) 
and  Interior  Detail* 

1. 

•ingle ,  glued 

Ea. 

2. 

•ingle,  flush 

Ea. 

3. 

pair,  glued 

Sa. 

h. 

pair,  Kalanein 

Sa. 

5. 

•ingle,  Xalaaeit 

Ea. 

6. 

Dutoh  doors 

Ea. 

7. 

•ingle,  tin  clad 

Ea. 

8. 

channel  door  fntin 

Ea. 

9. 

rolling  steel  doo  • 

Sa. 

10. 

metal  toilet  ooop.:rtiatr,J 

la  Ea. 

a. 

urinal  serssns 

La. 

12. 

entrance  •oreena 

7..K. 

13. 

airrors 

Ea. 

Hi. 

toilet  roon  aooessories 

I1.S1 

15. 

fire  extinguishers 

La. 

16. 

vault  &  shelter  loo  is 

t.K. 

17. 

elevator  &  doert 

13. 

painting 

— - 

19. 

finish  hardware 

20. 

rough  hardware 

— «• 

21. 

single  pipe  rail 

L.F. 

22. 

double  pipe  rail 

L.F. 

Building  Stun 

SHELTER 

Earthwork 

17 

machine  excavation 

C.T. 

2. 

hand  excavation 

C.T. 

3. 

backfill 

C.T. 

U. 

level  and  tamp 

S.F. 

Concrete 

IT 

footings 

C.T. 

2. 

vails 

C.T. 

3. 

oolumns 

C.T. 

!i. 

floor  b1*j  on  grads 

C.T. 

5. 

roof  slab 

^.4. 

6. 

beans 

C.T. 

7. 

stairs 

C.T. 

8. 

finishing  floor  slab 

S.F. 

DK1T 


QUANT ITT 

PRICE 

COST 

72 

70.00 

5,ouo 

16 

60.00 

960 

3 

130.00 

390 

U 

185.00 

7l»0 

5 

95.00 

U75 

* 

130.00 

130 

2 

85.00 

170 

3 

50.00 

150 

1 

r;$.oo 

175 

12 

95.00 

l,lliO 

5 

.'iO.OO 

200 

1c 

15.00 

2U0 

15 

25.00 

375 

192 

6 

19.00 

lilt 

* 

350.00 

1,U00 

«•- 

aw. 

6,000 

mmm 

11,000 

2,000 

— 

600 

19 

2.58 

U9 

33 

5.90 

365,586 

1,302 

1.35 

1,758 

66 

U.oo 

272 

569 

0.30 

U55 

1,312 

55 

25 

30.00 

750 

89 

30.00 

2,670 

2 

30  .00 

60 

33 

30.01 

990 

59 

30.00 

1,770 

*  O 

30.00 

570 

l 

30.00 

30 

1,812 

0.15 

272 

A. 1.12 


COST  ESTIMATE  -  20  PSI  BLAST  RESISTA  .'T  AJHIJJISTRATIOH  B’JILDINO 


DESCRIPTION 


Forwork 
TT  fooling# 

2.  veils 

3.  slabs 
U.  beams 

5.  columns 

6.  stairs 

% 

Rsiaforcing 
I.  rods 

2*  wire  mesh  (66-Ui) 
Waterproofing 

Shalter  Sna 


UNIT 

QUANTITY 

S.F. 

6U0 

S.F. 

U,U38 

S.F. 

1,580 

S.F. 

368 

S.jP. 

120 

*fr 

18 

Tons 

13.5 

Sq. 

17 

S.F. 

U,830 

UNIT 

PRICE  COST 


6.U0  256 

.60  2,663 

.60  9U8 

6.90  332 

0.80  96 

0.30  Ik 

I 

250.00  3,375 

6.8U  116 

0.1«0 

19,38U 

38Ut970 

96.2U3 

U8l,213 

156,983 

2U,230 


TOTAL  SUM  -  SHELTER  PLUS  BUTLDINQ 
PROFIT,  OVERHEAD  AND  COHTIlPEaCISS  (65*) 
TOTAL  COST 

COST  OF  PRD1ART  STRUCTURE  1 

-  ! 

COST  OF  SRSLTBl 

IT31S  NOT  INCLUDED 


Kachanical  and  slsotrloal  eqaiparat 
Air  looks  and  dsoontaaination  facilities 


COST  BSTDtATg  -  30  PSI  BL13T  RESISTANT  ADONIOTRATICII  BUILDIOT 


TTMXT 


DESCRIPTION 

UNIT 

QUANTITY 

PRICE 

COST 

BUTLDIN3 

Earthwork 

1*  maohina  excavation 

C.I. 

2,396 

9  1.35 

9  3,235 

2.  hand  axoaratioa 

C.T. 

968 

1*.00 

3,872 

3.  backfill 

U.  t ranch-lag  for  pi?a« 

C.I. 

1,1*81 

101 

0.80 

1.50 

1,185 

617 

balov  floor 

L.F. 

5.  level  (1  tan?  slab 

S.P. 

16,692 

0.03 

5oi 

6.  select  gravel  fill 

C.I. 

5 

3.50 

15 

Concrete 

1.  foundation  valla 

C.I. 

ioo 

30.00 

12,300 

2*  footings 

C.I. 

i*2l* 

30.00 

12,720 

3.  vails 

C.I. 

999 

30.00 

29,970 

U.  columns 

C.I* 

71* 

30.00 

2,220 

5.  floc>*  slabs  on  grade 

C.I. 

276 

30.00 

8,230 

6.  floo.'  and  roof  slabs 

C.I. 

1,181* 

30.00 

*5,520 

7.  betas 

C.I. 

1*50 

30.00 

13,500 

d.  stairs 

C.I. 

17 

30.00 

510 

9.  finishing  floor  slabs 

S.P. 

3?  ,559 

o.i5 

5,331* 

Pomvork 

1,  footings 

S.P. 

6,161 

0.1*0 

2,1*61* 

2.  vails 

S.P. 

63,1*98 

0.60 

3C,099 

3,  slabs 

S.P. 

29,21*0 

0.60 

17,51*1* 

U.  beans 

S.F. 

^,179 

0.90 

8,261 

5.  columns 

3.F. 

7,73* 

0.80 

6,188 

6.  stairs 

S.F. 

960 

0.80 

768 

Reinforcing 

1.  rods 

Tons 

680.00 

250.00 

170,000 

2.  vire  mesh  (66-U*) 

S(] . 

136 

6.8L 

930 

Blast  Doors 

1.  struct ural  steel 

Tons 

13.20 

UOO.OO 

5,200 

2.  Robertson  Q  deck 

Tons 

3.20 

750.00 

2,!x00 

Roofing 

5  ply  built  up  roof 

IS  U*5 

0.55 

8,330 

L  roof  insulation 

S.F. 

A.l.lU 


COST  ESTIMATE  -  30  PSI  BUST  RESISTANT  .^ZrflSTRATIJ:.’  rJILSIIS 


DESCRIPTION 


Mason  Work 

1.  U"  concrete  block 

2.  firebrick  flue  lining 

3.  concrete  chimney  cap 

Rough  Carpenter  Work 
1*  etud  rrune 

2.  gypsum  wall  board 

3.  aaphalt  tile  1/8" 
u.  ceramic  tile  floor 

5.  ceramic  tile  wainscot 
6*  cement  asbestos  board 
dado 

7.  base  screeds 

Finish  Carpentry 

1.  wood  base  6" 

2.  wood  dado  cap  3" 

3.  movable  partitions 

(without  doors) 

1*.  plastic  top  shelf 
(pemder  roan) 

5.  lavatory  shelves 

6.  closet  shelf  and  pole 
7*  wood  platforms  &  steps 

8.  court  room  bench  and 

platfurm 

9.  mail  roam  counter 
10*  coffee  shop  counter 
11 •  mop  racks 

Exterior  Doors 

1.  pr.  doors,  glased 

2.  pr.  doors,  glased 

with  transom 
3*  pr*  doors,  glased 

with  removable  treason 
U*  single  door,  glased 
with  transen 


UNIT 

QUANTITY 

UNIT 

PRICE 

COST 

Sa. 

1,030 

o.l*o 

102 

Ea. 

2,900 

0.20 

580 

Ea. 

1 

55.00 

55 

B.F. 

9,1*37 

0.22 

2,076 

S«F, 

27,1*60 

0.12 

3,29$ 

S.F. 

26,877 

0.26 

7,526 

S.F. 

1,260 

1.75 

2,205 

S.F. 

621* 

1.75 

1,092 

S.P. 

3,392 

0.30 

1,018 

L.F. 

156 

0.22 

31* 

L.F. 

1,937 

0.28 

51*2 

L.F. 

61*8 

0.16 

136 

L.F. 

523 

13.00 

6,79? 

L.F. 

7 

3.00 

21 

Ea. 

15 

10.00 

130 

L.F. 

10 

1.50 

15 

S.F. 

80 

2.00 

160 

L.S. 

mm 

1*60 

L.F. 

25 

20.00 

500 

L.F. 

36 

20.00 

720 

Sa. 

2 

10.00 

20 

Sa. 

1 

315.00 

315 

Sa. 

5 

365.00 

1,82$ 

Sa. 

1 

390.00 

390 

Sa. 

1 

195.00 

195 

A»l*l5 


cost  loTima:;  -30  ?si 

HlAS? 

:l!vSISTAKT  ADtflNISTRYT 

ION  3UILDINS 

niSCPl-T.jy 

Hi  IT 

QUANTITY 

UNIT 

PRICE 

COST 

ir.torivT  L'oo-.-p  \  ir„:indL'.nj  Tra/MZ 

3JTU  r«tSllS 

: .  cu.gTe,  .  uieci 

.) 

~E*. 

72 

70. 00 

V\  i 

«• 

8  1 

.'.  ai.jjle,  flash 

£a. 

16 

60.00 

960 

3-  •*!-»  4S#G 

£a. 

m 

d 

130.00 

390 

i,.  p-ilr>  Kal.v:eir» 

3a. 

1* 

185.00 

71*0 

'  .  C  iiljlc  ,  Sftl -»W  i  .n 

Sa. 

5 

95.00 

1*75 

!>acch  flours. 

1 

130.00 

130 

V.  ah.gle,  tf.r.  clad 

3a. 

2 

85.00 

170 

f  ,  fl.'uuj’el  drcr  ;’rap*jp. 

Ea. 

3 

50.00 

150 

>.  ml’  ir£  AU  fe1  dr«-r 

£«. 

1 

175.00 

175 

11*  swCaI  tfl\3ow  aow^istsc-ntss 

3a. 

12 

95.00 

1,11*0 

J*.  turiaal  esm«n> 

&*>. 

5 

U0.00 

2X 

*  V .  •nt.ra-.C  'S  scrsxme. 

T  .?, 

16 

15.X 

21*0 

;3.  t:mr3 

£«&• 

.1*: 

25.X 

375 

la.  ioil-st  rccr  ac'jcssoriec 

L.S. 

192 

1'.  l  ire  $j£*  i.r  gv'i  sh«rs 

£a. 

j6 

19.X 

111* 

:  ■; .  -74  lit  v  n'flflltor  df>or» 

3a. 

1* 

350.x 

1,1*X 

5  7.  si crater  £  d->ort 

— 

— 

6,000 

In.  rsirtlr.fl 

— 

WH. 

11,300 

1- .  fi'iisb  hsr'^ure 

— 

— 

— 

2, OX 

;?v.  rough  harerwari 

w  ' 

— 

— 

6X 

21 .  sir^lo  pip*  r»il 

i.y. 

1? 

2.58 

1*9 

2.?.  double  pipe  rail 

»  V 

ii*/  « 

33 

5.90 

.222 

Building  San 

■1?K5 

1*52,31*2 

Earthwork 

I.  macr/cio  excavation 

C.Y. 

1  *3^ 

1.35 

1,51*5 

2.  >i*f»d  e,;;37*,ti3n 

C.I. 

71 

l*.x 

2G1* 

? .  bar>:f  ill 

C.T. 

<97 

0.80 

1*78 

a.  ievTsi  a::j  tanp 

s.y. 

1,903 

0.03 

57 

1'.;:  .ret* 

C.I. 

36 

30.x 

1,060 

T ,  walls 

C.T. 

99 

30.x 

2,970 

j .  cclunr.s 

w*T* 

2 

30.x 

X 

i.  floor  si;* 3  on  ^rade 

C.Y. 

32 

30.x 

960 

1 ,  -nof  slar. 

c.r. 

110 

30.x 

3,3X 

C.T. 

11 

30.x 

330 

stairs 

C.T. 

a. 

30.x 

30 

fini.'-. lr:g  floor  slab 

S.I-. 

1,7x1 

0.15 

257 

A. 1.16 


COST  ESTIMATE  -  30  i'SI  3  LAST  RESIST AK?  AJ?  JN13TRATI  £  3»I!LI« 

unit 


dsscripti  j:j 

UNIT 

r-'k.nrr 

PRICE 

CO  JT 

Formwork 

1.  footings 

2.  valla 

3.  slabs 

U.  beans 

5.  columns 

6.  stairs 

s.f. 

S.F. 

S.F. 

SJ. 

S.F. 

S.F. 

672 

U,660 

l,o59 

366 

126 

19 

0.1*0 

0.60 

0.60 

0.90 

0.60 

0.80 

26? 

2,796 

995 

31*7 

101 

If 

Reinforcing 

1.  rods 

2.  vire  aeah 

(66-UU) 

Tons 

Sq. 

15.5 

16 

250.00 

6.51* 

3,675 

123 

Watero roofing 

S.F. 

U,O0 

0.1*0 

1,932 

Shelter  Sum 

2?, 11'. 

TOTAL  SUM  -  SPELTER  PLUS  BUIILINO 

I*71*,l*li6 

PROFIT.  OVERHEAD 

AND  CONTINGENCIES  (25*) 

118,615 

TOTAL  COST 

593,058 

COST  j F  PRIMARY'  STRUCTURE 

565^8 

COST  OF  SHELTER 

27,630 

ITd-lS  N  Jl  INCLUDED 

Mechanical  and  electrical  squipoent 
Air  locks  and  decontamination  facilities 


A.  1.17 


OOST  ESTIMATE  -  CCRVEflTIOMAL  CGHMUKICATICB  BUILDUP 


OMIT 


DESCRIPT  IOI 

PUT 

QDAHTITI 

PRICE 

COST 

Earthwork 

1.  machine  excavation 

C.I. 

1*1*5 

$  1.35 

$  601 

2.  hand  excavation 

C.I. 

15 

L.oo 

60 

3.  backfill 

C.I. 

266 

0.80 

213 

L.  (ravel  fill 

C.I. 

98 

3.50 

31*3 

5.  cinder  fill 

C.I. 

3 

i.5o 

5 

Concrete  Work 

1.  footings 

C.I. 

1*5 

30.00 

1,350 

2.  foundation  vails 

C.I. 

99 

30.00 

2,970 

3*  floor  slabs 

C.I. 

100 

30.00 

3,000 

U.  foot  slab 

5.  roof  slab-lightweight 

C.I. 

57 

30.00 

1,710 

fill 

C.I. 

1*2 

30.00 

1,260 

6.  concrete  fill  -  block 

C.I. 

5 

30.00 

150 

7*  finishing  slab 

S.P. 

5,1*21 

0.15 

813 

8.  screed  roof  fill 

S.P. 

6,693 

0.15 

1,001* 

formwork 

I.  vail  footings 

S.P. 

1,181* 

0.1*0 

L71* 

2.  foundation  vails 

S.P. 

6,021* 

o.5o 

3,012 

3.  soffit 

S.P. 

1,052 

0.50 

526 

U.  edge 

S.P. 

171* 

0.50 

88 

Reinforcing  &  etc. 

TT-jsar - 

Ton 

5.90 

250.00 

1,1*75 

2.  paper  backed  aeeh  (33-1*1*) 

Sq. 

71* 

l5.oo 

1,110 

3.  wire  aeeh  (66-UU) 

Sq. 

59 

6.81* 

1*01* 

1*.  1x5  expansion  Joint 

L.Pc 

706 

0.10 

71 

5.  steel  joists 

Ton 

n.ljo 

380.00 

1*,332 

Carpentry 

1.  ud  wood  fascia 

L.P. 

526 

0.55 

289 

2.  lxl*  beveled  cant  strip 

L.P. 

556 

0.20 

111 

3.  1x8  fascia 

L.P . 

30 

0.65 

20 

U.  5/8  aarine  plywood 

S.P. 

125 

0.1*5 

56 

5.  1x6  sheathing 

B.P. 

130 

0.26 

31* 

6.  2x6  rafters 

B.P. 

183 

0.21* 

1*1* 

7.  slide  windows  k  counter 

Ea. 

3 

1*0.00 

120 

8.  aessenger  shelf 

Ea. 

1 

17.00 

17 

9.  1x2  furring  strip 

S.P. 

152 

0.16 

21* 

10.  1x2  blocking 

L.P. 

1,200 

0.06 

96 

11.  lab  trla 

L.P. 

170 

0.18 

31 

12.  3A6  cea.  asbestos 

S.P. 

232 

0.30 

70 

13.  alna.  aoulding 

L.P. 

32 

0.1*0 

13 

A. 2.1 


COST  ESTIMATE 


ccvgrrioKAL  cchmuhicatiom  butldiip 


DESCRIPTION 

Masonry 

8*  cone.  block  (8xflxl6) 

2.  8"  cone,  lintel  block 

3.  U"  cone,  block 

1*.  5*  x  12*  cone,  sill 

Boon  (Frame  &  Trlx) 

T.  2-2*  -6Bx7'-^xI-3A" 

-*/3-12*x12* 

2.  3«-0"x7’-0*xl-3A"- 

wA-12"xl2"  It.  sol.  core 

3.  2-2 1  -6*  x7  *  -0"  xl-3  A"  - 

•/l-12*xl2"  It.  sol.  eopt 

U.  3*  -<0*7*  -0*xl-3A"-*o3  cox'* 
jj.  3*-0"x6’-8"xl-3/8"-hal.  oors 

6.  2,-8"x6,-8"xl-3/8*-hol.  cor* 

7.  2,-6"x6,-8"xl-3/8"-hol.  oort 

y/loarmr 

8.  3,-0"x6,-8*xl-3A"  - 

hoi.  natal 

9.  8«-0*x7,-0"xl-3/8*- 

orerfcead  garage  dr. 

10.  3*-0"x6'-8*xl-3A"  - 

hoi.  metal-v/vls.  pan 

11.  2,-8*x6,-6"x1-3A*- 

hol.  aet&l 
Hardware 

TI  Interior  door* 

2.  exterior  single  doors 

3.  exterior  double*  doors 

1*.  garage  doors _ 

Lath  &  Plaster 

1.  seta!  iath  4  plaster 

clg.  -  S#  J# 

2.  3  coat  plaster  on 

concrete 

3.  natal  lath  4  plaster 

on  chan. 

!**  aooustlo  plaster  an 
concrete 

9.  acoustic  plaster 
clg.  on  M.L. 

6.  acoustic  plaster 

oo  M.L.  4  chan. 


OMIT 


UNIT 

ooAirm 

PRICE 

COST 

SJ. 

1*,168 

0.73 

3,01*3 

S.P. 

352 

1.00 

352 

s.?. 

2,795 

o.U5 

1.258 

LJP. 

170  - : 

1.50 

255 

Sa. 

1 

155.00 

155 

la. 

2 

85.00 

170 

Ea. 

1 

H«5.oo 

Ui5 

Sa. 

3 

80.00 

2 1*0 

Sa. 

U 

1*0.00 

160 

Ea. 

2 

1*0.00 

80 

Sa. 

3 

U5.oo 

135 

Sa. 

2 

65.oo 

130 

Ea. 

2 

11*5.00 

290 

Ea. 

1 

80.00 

80 

Ea. 

1 

60.00 

60 

Set 

13 

8.00 

U*o 

Sot 

5 

i5.oo 

75 

Set 

2 

30.00 

60 

Set 

2 

20.00 

UO 

S.T. 

570 

3.50 

1,995 

S.Y. 

275 

2.50 

688 

S.Y. 

U32 

3.50 

1,512 

S.T. 

\6 

U.20 

189 

S.T. 

17 

5.00 

85 

S.T. 

31 

6.00 

186 

COST  ESTIMATE  -  CGNTBVriOHAL  CCMWNICATIOK  OTUDIBG 


DESCRIPTION 
Asphalt  Til# 

T T  asphalt  til*  on 

concrete 

2.  U"  rubber  base 

Hoof  1m  and  3.  H. 

IT  5ply  B/t 1  root  ♦  2* 
rigid  inaul. 

2.  !*x6  copper  gutter 

3.  8"  16  oz.  gutter  flashing 

I*.  16  os  oopper  grsrel  stop 

5#  Thruwall  cap  flashing 

6.  2" xu"  copper  leader 

7.  thruvall  water 

block  flashing 

8.  nerrastral  sill  flashing 
9*  alum,  wall  vents 

10.  fan  housing  flashing 

Veter  Prodftgg 

1.  5  ply  ®e*brane  waterproofing 

2 .  foundation  waterproofing 

3.  Interior  dartpproofing 

Glazing 

1*  window  glass 
2*  obscure  glass 
3*  wire  glass 

Miscellaneous  Metals 

1.  3"  0 J).  pipe  oolwne 

2*  netal  threshold-3*x3,-0" 

3*  netal  threshold-3"x3,-0B 
h.  6B  8,2#  pipe  sleeve 

5.  2,-6*x2,-6Bstaal  trap  dr. 

6.  2B  pipe  sleeve  -  no  caps 

7.  2"  pipe  sleeve  -  with  caps 

8.  3/U"xl2"  C.I.  ladder  rung 

9.  also,  bolts  and  anchors 

Caulking 

TT  control  Joint 

2.  windows,  doors  and  grilles 


UNIT 

1  i  M  INI  ■ 

PRICE 

S.T. 

l*,175 

0.28 

1,169 

L  J. 

707 

0.35 

2li7 

9q. 

68 

55.00 

3,71*0 

L.F. 

526 

2.25 

1,183 

L.F. 

526 

0.60 

316 

L.F. 

556 

0.70 

389 

S.F# 

30 

1.00 

30 

ljt. 

91 

2.50 

228 

S.F. 

932 

1.00 

932 

S.F. 

11*1 

0.20 

28 

Ee. 

21* 

7.50 

180 

Sa. 

2 

13.00 

26 

S.F. 

5,281* 

0.1*0 

2,  111* 

S.F  • 

560 

0.15 

ei* 

S.F, 

U,l*98 

0.15 

675 

S.F. 

693 

o.35 

21*3 

S.F. 

18 

0.60 

n 

S.F. 

33 

0.75 

28 

L.F. 

18 

2.00 

36 

Sa. 

i5.oo 

30 

Sa. 

15.  oo 

75 

Lbs. 

0.20 

13 

Sa. 

60.00 

60 

Sa. 

1.00 

21* 

Sa. 

2.50 

1*0 

Sa. 

2.10 

13 

mmm 

L.S. 

100.00 

100 

L.F. 

80 

0.20 

16 

L.F. 

950 

0.20 

190 

A.2.3 


COST  gSTPUTS  -  CONVENTIONAL  CCMHPNICATICM  BUHflBP 


UNIT 


DESCRIPTION 

UNIT 

QUANTITT 

PRICE 

COST 

Katal  Windows 

1.  3 1 -5 " -arch  proj. 

X*. 

13 

I*5.oo 

585 

2. 

Sa. 

10 

1*0.00 

UOO 

3.  3'-5"x2,-9"-*rch  proj. 

Ea. 

U 

31.00 

1 21* 

U.  6* -10"  x2’ -9" -arch  proj. 

Sa. 

1 

55.oo 

55 

5.  6* -10" x2* -9* -flxsd 

Sa. 

8 

50.00 

1*00 

6.  7,-9"*5*-5*-aacttrlty 

Sa. 

1 

120.00 

120 

7*  3,-9*x5'-5*«8«cttrlty 

Sa. 

2 

62.00 

12 1* 

8.  2' -8-1/2"  xT -10-5/8"- 

buiaant 

Sa. 

1 

12.00 

12 

Carado  Tile 

t:  nrann* 

8.F. 

223 

1.75 

390 

2«  floor  tile 

S.F. 

95 

1.75 

1 66 

Faint inf 

1,  doors  and  windows  (3  ooata) 

S.F. 

2,712 

0.15 

1*07 

2.  block  (2  ooata) 

S.F. 

6,000 

0.10 

600 

3.  plaster  (3  ooata) 

S.F. 

U,l*9l* 

0.12 

1,379 

1*.  fascia  &  tris  (3  coats) 

S.F. 

1*00 

0.12 

1*8 

5.  stssl  joists  (1  cost) 

Too 

ll.ll 0 

8.00 

91 

TOTAL  SOM 

t  S3.U62 

PB0P1T  OVERHEAD  AND  COMTU»aCIES  (255) 

13,366 

TOTAL  COST 

66,828 

ITBffl  SOT  INCLUDED 

Costs  as  taken  fws  Original  Rstlsate 

- - - -  - 

Flsafcdsg 

1,600 

0m  0m09  4 

Electrical 

7,971* 

Air  Conditioning  and  Ventilation 

13^68 

23,01*5 

A.  2.1* 


COST  ESTIMATE  -  10  gSI  BUST  RESISTANT  QOMHUNIC/  TION  BUELDDO 


DESCRIPTION 

UNIT 

QUANTITT 

UNIT 

irice 

1ST 

Earthwork 

1.  aacnlne  excavation 

C.T. 

660 

$1.35 

r  891 

2 •  head  excavation 

C.T. 

22 

1*.00 

88 

3.  backfill 

C.T. 

213 

0.80 

170 

1*.  cinder  fill 

C.T. 

3 

1.50 

5 

5*  gravel  fill 

C.T. 

99 

3.5o 

31*7 

Concrete  Work 

it  nwrua 

C.T. 

157 

30.00 

.,710 

2.  roof  beau 

C.T. 

21 

30.00 

630 

3.  valla 

c.r. 

330 

30.00 

,990 

U.  floor  slab 

C.T. 

106 

30.00 

,180 

5*  columns 

C.T. 

6 

30.00 

lfk. 

6.  footinga 

C.T. 

60 

30.00 

,000 

7.  ataire  (on  grade) 

C.T. 

3 

30.00 

90 

8.  finishing  slab 

s.r. 

5,311* 

0.15 

797 

Pormork 

I*  roof  slab 

S.P. 

1,882 

0.60 

,929 

2*  roof  beau 

S.P. 

687 

0.90 

618 

3.  valla 

s.r. 

18,950 

0.60 

1  370 

1*.  dolwma 

s.r. 

586 

0.80 

.69 

5.  footinga 

s.r. 

1,71*1* 

0.1*0 

690 

6.  ataira  (on  grade) 

s.r. 

127 

0.80 

101 

Reinforcing 

1.  roda 

Ton a 

59.1*0 

250.00 

l  ,-5o 

2.  wire  uah  (66x1*1*) 

Sq. 

51* 

6.81* 

369 

Structural  Steel 

1.  steal  joists 

7b  ns 

0.90 

380.00 

312 

Blast  Doors 

1.  structural  steel 

Tons 

3.70 

1*00.00 

:  .?o 

2.  Robertson  roof  deck 

Tons 

o.5o 

750.00 

'75 

Masonry 

1.  cone,  block  (8x8xl&) 

S.F. 

1*70 

0.73 

>1*3 

2.  cone,  block  (I*x8xl6) 

s.r. 

1,1*30 

0.1*5 

-•U* 

3*  5"  x  12*  cone,  sill 

L.r. 

15 

l.5o 

23 

A. 2. 3 


1+<J7  PESISTAJfT  COMMUNICATION  BUILDING 


;-'T;xft:?T;.cx 

UNIT 

QUANTITY 

UNIT 

HRICE 

COST 

•'.'wrv;  .*J  v 

JL  -  "iX*"  VCOC 

L.F. 

?c 

0.55 

39 

ir.u  can*.  sttip 

jl«F« 

70 

0.20 

11* 

3-  ftliS  f  v iiiootfa  4  c»ci*8? 

Ea. 

3 

Lo.oo 

120 

r of eerier  shelf 

Ea. 

1 

17 .00 

17 

:•  .  ix«  Turrit  strip 

S.F. 

15? 

0.16 

21* 

.  1x1’  rlrcr.vry 

i.r . 

1,2C0 

0.08 

96 

1.  'at  16  cem.  eebestos 

L.F. 

232 

0.30 

70 

*j.  alar.  rrulrting 

L.F. 

32 

o.Lo 

13 

Lo-irs  .Fraae  4  Trim; 

T,  2  -  2  •  -A"  *?  ’  -r,  *  xl  -  3,-1  » -v/3-1?’'  xl< " 

Sa. 

1 

155.00 

155 

:j.  V  V)«.t7  •  -c-xl.  3,/i.' --A-L^*a12* 

M.  Sc*.  .iore 

Sa. 

2 

85.00 

170 

*•  <  ?.  3  *  -6  •  *7 '  -oe  xl  - ;:  /L ' *•  -4/  /1-12 ' '■  / 12  " 

L*. .  f«e  1 .  core 

2a. 

1 

ii.5.oo 

11*5 

L.  3*  -CT^’-CxI-Vi*"  -  Sol,  r«« 

2a. 

3 

80.00 

21*0 

5.  }'  *  -ol,  cere 

2a. 

i 

u 

1*0.00 

160 

v.  7,.e*x*  ’-^xl-.Vi^  -  Hoi.  eore 

Ea. 

2 

lo.oo 

80 

7.  .'*x6*x?. ’-P^xl-O/F"  *  Hoi.  cere 

v/lcuvre 

Ea. 

3 

l*5.oo 

135 

t.  _* •  -C"r?r6 * -i3 "xj.—  A/li'*  -  Hoi.  sehal 
?*•  ?*-<,',x7,'r,’xl-3/8f  -  crverheac  dr. 

Za. 

* 

A 

65.oo 

130 

£a. 

2 

U*5.oo 

290 

It).  3'-r"36,-?,,xl  -3/pr  -  :ol.  rstal 
►/▼la.  r*n 

Ea. 

1 

80.00 

So 

11.  ? '  “  -  Pel.  metal 

Ea. 

1 

60.00 

6o 

HarJvare 

1.  inter icr  door » 

Set 

13 

8.00 

lOl* 

2.  er.  terror  6Jjyle  doors 

Set 

5 

15.00 

75 

3.  exterior  double  doers 

Set 

2 

30.00 

6o 

li.  garage  doors 

Set 

2 

20.00 

l*c 

LaU  4  Plaster 

iriptai  lath  K  plaster  elf.  S.J. 

S.T. 

52 

3.50 

182 

2.  arcuetir  plaster  cn  conr. 

S.I. 

1*5 

1*.20 

189 

3.  acooetie  laster  clg.  on  1*1. 

S.T. 

17 

5.oo 

85 

;; -  ae\wstlc  plaster  on  M,L.  char.. 

S.T. 

31 

6.00 

186 

sspt  sit  Tile 

r.  T7-  asphalt  tile  or  conr. 

S.F. 

U.175 

0.28 

1,169 

a"  rubber  base 

L.F. 

707 

0.35 

21*7 

A ..  .6 


COST  ESTIMATE  -  10  PS  I  BLAST  RESISTANT  OCMHJNI  CATION  BUILDINO 


DESCRIPTION 


Roofing  &  Sheet  Metal 

Tt  5  ply  k/ll  roof  ♦  2"  rigid  in*ul. 

2.  bx6  copper  gutter 

3.  8"  16  os.  gutter  flashing 
b.  2"xb"  copper  leader 

5.  thru  vail  cep  f  Itching 

6.  thruwall  water  block  flashing 

Waterproofing 
Tl  5  ply  membrane 

2.  foundation  vaterproofing 

3.  interior  daapproofing 

G la ting 

TI  window  glees 
Metal  Window 

XT  3' -5**5' -5"  -  arch.  proj. 

Miscellaneous  Metals 
TI  metal  threshold  -  3nx5'^)m 

2.  metal  threshold  -  3"x3'-0" 

3.  6  8.2#  pipe  sleere  -  1  unit 

b.  2'-6"x2,-6"  steel  trap  door 

5.  2"  pipe  slesrres  -  no  cape 

6.  2"  pipe  s leers s  -  with  cape 

7.  3A"*12"  C.I.  ladder  runge 

8.  wise,  bolts  A  anchors 

*  Ceramic  Tile 

1.  wall  tile 

2 .  floor  tile 

Painting 

T.  doors  tc  windows  (3  coats) 

2.  concrete  t-  block  (2  coats) 


UNIT 

QUARUTT 

Sq. 

55 

L.F. 

526 

*L.F.  . 

526 

L.F. 

91 

S.F. 

30 

S.F. 

932 

S.F. 

5,28b 

S.F. 

560 

S.F. 

b,b98 

S.F. 

90 

Ba. 

3 

Ea. 

2 

Ea. 

5 

Lb. 

66 

Ea. 

1 

Ea. 

2JU 

Ea. 

16 

Ea. 

6 

• 

CO 

• 

— 

S.F. 

223 

S.F. 

95 

S.F. 

1,100 

S.F. 

17,b91 

UNIT 

PRICE 

COST 

55.00 

3,025 

2.25 

1,18b 

0.60 

316 

2.50 

228 

1.00 

30 

1.00 

932 

O.bO 

2,11b 

0.15 

8b 

0.15 

675 

0.35 

32 

b5.00 

135 

15.00 

30 

15.00 

75 

0.20 

13 

60.00 

60 

1.00 

2b 

2.50 

bo 

2.10 

13 

100.00 

100 

1.75 

390 

1.75 

166 

0.15 

165 

0.10 

1,719 

A. 2.7 


COST  ESTIMATE  -  10  PSI  BLAST  RESISTANT  COWfWICATIOW  RTTILDINQ 


COST 

TOTAL  SUM  9  73,’JJi 

PROFIT,  OmHSJLD  AND  COKTIMQBfCIBS  (230  18,361 

TOTAL  COST  91,80$ 

COST  OF  P RIFART  3TKPCTUH1  82,106 

COST  Of  SHELTER  9,389 

ITBMS  MOT  IHCLCDBD 

Maohaniocl  and  alactrlcal  equip— ct 


Air  locks  and  daoontaxi nation  facilities 


A.2.8 


COST  ESTIMATE  -  20  PSI  BLAST  RE  SI  5T  AW  OOMMUNICAPOH  EUILDDiQ 


DESCHI PTICR 

WIT 

Earth work 

1.  Machine  execration 

C.T. 

2.  hand  excavation 

C.T. 

3.  backfill 

C.Y. 

1*.  cinder  fill 

C.T. 

5.  gravel  fill 

C.T. 

Concrete  Work 

1,  roof  alab 

C.T. 

2,  root  beane 

C.T. 

3#  valla 

C.T. 

1*.  floor  alab 

C.T. 

5.  colunna 

C.T. 

6,  footings 

C.T. 

7.  at airs  (on  grade) 

C.T. 

8.  finishing  slab 

S.F. 

Fontwork 

1.  roof  slab 

S.F. 

2.  roof  beans 

S.F. 

3.  vails 

S.F, 

1*.  columns 

S.F. 

5.  footings 

S.F. 

6,  stairs  (on  grade) 

S.F. 

Reinforcing 

1,  rods 

Tons 

2.  vlre  mesh  ( 66ocliii) 

Sq. 

3.  paper  backed  nosh  (33 

\:dih)  Sq. 

Structural  Steel  ^ 

1.  steel  Joists 

Tons 

Blast  Doors 

1,  structural  steel 

Tons 

2.  Robertson  roof  deck 

Tons 

Masonry 

1.  cone,  block  (8x8x16) 

S.F. 

2.  cone,  block  (I*x6xl6) 

S.F. 

3*  5"xl2"  cone,  sill 

L.F. 

o*rr 

gAfTTITT  fRICE  COST 


814 

♦  1.35 

$  1,135 

1*5 

l*.oo 

180 

353 

0.80 

282 

3 

1.50 

5 

99 

3.50 

31*7 

211 

30.00 

6,330 

26 

30.00 

,  81*0 

371 

30.X 

11,130 

181 

30.X 

5,1*30 

6 

30.X 

180 

73 

30.X 

2,190 

30.X 

X 

5,350 

0.15 

802 

1,705 

0.60 

2,623 

71*7 

0.90 

672 

20,61*1* 

0.60 

12,386 

575 

0.80 

1*60 

1,81*1* 

o.l*o 

738 

131* 

0.80 

107 

86.6n 

250.X 

21,650 

5?* 

6.81* 

369 

5 

15.00 

75 

C.90 

380.X 

31*2 

$.50 

UX.X 

2,600 

0.50 

750.X 

375 

1*70 

0.73 

31*3 

1,1*30 

0.15 

61*1* 

15 

1.50 

23 

A.2.9 


COST  ESTIMATE  -  20  PST  BUST  RESISTANT  CCHHUNICATICN  BUILDINQ 


UNIT 

DESCRIPTCCN 

UNIT 

OUANTin 

PRICE 

COST 

Carpentry 

1.  1x6  wood  fascia 

L.F. 

70 

0.55 

39 

2.  lxlt  beveled  cant,  atrip 

L.F. 

70 

0.20 

11* 

3*  alida  windows  It  countar 

Ea. 

3 

1*0  .X 

120 

h.  neeeenger  ahalf 

3a. 

1 

17.00 

17 

5.  1x2  furring  atrip 

S.F. 

152 

0.16 

21* 

6,  1x2  blocking 

L.F. 

1,200 

0.08 

96 

7.  cex.  asbestos 

S.F. 

232 

0.30 

70 

8,  alum,  noulding 

L.F. 

32 

0.1*0 

13 

Door*  (Fran*  It  Trial) 

1.  2-V  -6"x7'  -0"xl-3/u" -w/3-12"xl2" 

%  3*-0"x7’-0',xl-3A,'Vl-12*xl2" 

Ea. 

1 

155.00 

155 

Lt.  Sol.  eora 

3.  2-2*  -6*x7*  -0"xl-3/U"-*A-12"xi2" 

Ea. 

2 

85.00 

170 

Lt.  Sol.  cora 

Sa. 

1 

11*5.00 

11*5 

It,  3'  -0"x7,«0"xl-3A"  -  aol.  oora 

Ea. 

3 

80.00 

21*0 

5.  3’  -0"x6* -8"xl-3A"  -  Hoi.  cora 

Sa. 

5 

1*0.00 

200 

6.  2'-8"x6' -8"x1-3/8"  -  Hoi.  cora 

7.  2,-4"x6,-8"xl-3/8"  -  Hoi.  cora 

Sa. 

2 

U>.00 

80 

vA°urre 

Sa. 

3 

1*5.00 

135 

8.  3’ -0"x6' -8*^.-3A"  -  Hoi.  natal 

5a. 

2 

65.00 

130 

9.  8,^0"X7,-0',xl-3A"  -  overhead  dr. 
10.  3'-0,,x6’-8"x1-3/8"  -  Hoi.  natal 

Sa. 

2 

11*5.00 

290 

v/via.  pan. 

Sa. 

1 

80.X 

80 

11.  2'  -8"x6'  -8wxl-3A"  -  Hoi.  natal 

Ea. 

1 

60.x 

60 

Hardware 

1.  intarior  doors 

Sat 

13 

8.X 

101* 

2,  axtarior  single  door* 

Sat 

5 

15.x 

75 

3.  axtarior  doubla  door a 

Set 

2 

30.x 

60 

L,  garage  doora 

Sat 

2 

20.x 

1*0 

Lath  It  Plaster 

1.  natal  lath  St  plaster  clg.  S.J. 

S.I. 

52 

3.50 

162 

2,  acoustic  plaster  on  cone. 

S.T. 

1*5 

1*.20 

160 

3.  acoustic  olaater  clg.  on  M.L. 

S.I. 

17 

?.x 

65 

It.  acoustic  plaster  on  M.L.  It  chan. 

S.I. 

31 

6.X 

166 

Asphalt  Tile 

1.  1/8"  arphalt  tils  on  cone. 

S.F. 

L,175 

0.28 

1,169 

2.  It"  rubber  base 

L.F. 

707 

0.35 

21*7 

A.2.10 


COST  ESTIMATE  -  20  PSI  BLAST  RESISTANT  COMMUNICATION  BUI LIU  NO 


DCrairrioN 

Rooflngjt  Sheet  Mstal 

1.  5  ply  B/t)  root  ♦  2"  rigid  insul 

2.  1x6  copper  gutter 

3.  8”  16  ot.  gutter  fleshing 
1*.  2"xL"  copper  leader 

5.  thru  wall  cap  flashing 

6.  thruwall  water  block  flashing 

Waterproofing 

1.  5  ply  Membrane 

2.  foundation  waterproofing 

3.  interior  dampproofing 

Plating 

1.  window  glass 
Metal  Windows 

1.  3'x5"x5'-5"  -  arch  proj. 

Miscellaneous  Metals 

IT!  astal  threshold  -  3"x5'-0* 

2.  astal  threshold  -  3"«3,-0* 

3*  6  8.21  pipe  sleers  -  1  unit 

l.  2*  —6 *x2'-6"  steal  trap  door 

5.  2"  pipe  sleeves  -  no  oaps 

6.  2"  pipe  sleeves  -  with  caps 
?.  3/U12"  C.I.  ladder  rungs 
8.  sdsc.  bolts  &  anchors 

Coraaic  Tile 

1. ’ . well  tile 

2.  floor  tilo 

Painting 

docrc  k  windev/e  (3  coats) 

2,  concrete  !■.  block  (2  coats) 


UNIT 

QUANTITY 

UNIT 

P^-ICS 

COST 

.  Sq. 

55 

55.00 

3,025 

L.F. 

526 

2.25 

1,181* 

L.F. 

526 

0.60 

316 

L.F. 

91 

2.ro 

228 

S.P. 

30 

1.00 

30 

S.F. 

932 

1.00 

932 

S.F. 

5,281 

0 .10 

2,111* 

S.F. 

560 

0.15 

81* 

S.F. 

1,198 

0.15 

675 

S.P. 

90 

0.35 

32 

Sa. 

3 

U5.x 

135 

La. 

2 

15.oo 

30 

Ea. 

5 

15.oo 

75 

lb. 

66 

0.20 

13 

Sa. 

1 

60.00 

60 

Sa. 

2U 

1.00 

21* 

la. 

16 

2.50 

1*0 

Sa. 

6 

2.10 

13 

l.S. 

100.00 

100 

S.F, 

223 

1.V5 

390 

S.P. 

95 

1.75 

166 

S.F. 

1,100 

0.15 

165 

S.F. 

17,191 

o.m 

1,719 

A.2.11 


cost  aariMATE  -  20  psi  blast  resist Airr  jXHmgunau  buiLPao 


COST 

TOTAL  SUM  $  88/1J 

PROFIT.  OVEtTSAD  AND  CONTINQSHCIB3  (2$t)  22,136 

TOTAL  COST  /  110,679 

COST  OF  PRIKART  gTRffCTJRg  100,593 

COST  OF  SHELTER  10,086 

ITEMS  HOT  mCLUDfiD 

Mechanical  and  alt  Ctrl  cal  equip— nt 
Air  locks  and  daeontaalnation  facilities 


A. 2.12 


POST  ESTIMATE  -  30  PSI  BUST  RESISTANT  COMMUNICATION  BUILDIN1 


DESCRIPTION 

UNIT 

QUANTITY 

UNIT 

PRICE 

COST 

Earthwork 

1.  machine  excavation 

C.T. 

921* 

♦  1.35 

%  1,21*7 

2.  hand  excavation 

C.Y. 

80 

li.OO 

320 

3.  backfill 

C.T. 

1*08 

0.80 

326 

1*.  cinder  fill 

C.Y. 

3 

1.50 

5 

5.  gravel  fill 

C.Y. 

79 

3.50 

31*7 

Concrete  Work 

1.  roof  slab 

C.Y. 

231 

30.00 

6,930 

2.  rocf  be amp 

C.Y. 

10 

30.00 

1,200 

3.  walls 

C.Y. 

51*7 

30.x 

16,1*10 

L.  floor  Blab 

C.Y. 

115 

30.00 

3,1*50 

5.  columns 

C.Y. 

7 

30.x 

210 

6.  footings 

C.Y. 

no 

30.x 

3,3X 

7.  stairs  (on  grade) 

C.Y. 

3 

30.x 

90 

8.  finishing  slab 

S.F. 

5,392 

0.15 

809 

Formwork 

1.  roof  slab 

S.F. 

1,660 

0.60 

2,796 

2.  roof  teams 

S.F. 

871 

0.90 

781* 

3.  wall? 

S.F. 

20,958 

0.60 

12,575 

1*.  columns 

S.F. 

727 

0.80 

582 

5.  footings 

S.F. 

2,11*9 

0.10 

860 

6.  stairs  (on  grade) 

S.F. 

131* 

0.80 

107 

Reinforcing 

1.  rods 

Tons 

126.60 

250.X 

31,650 

2.  wire  mesh  (66  x  1*1*) 

Sq. 

51* 

6.81* 

369 

3.  paper  backed  mesh  (33  x  1*1*) 

Sq. 

5 

15.x 

75 

Structural  Steel 

1.  steel  joists 

Tons 

0.90 

3T0.X 

31*2 

Blast  Doors 

1.  structural  steel 

Tons 

8.20 

100.  X 

3.280 

2.  Robertson  roof  deck 

Tons 

0.70 

750.X 

525 

Masonry 

1.  cone,  block  (8x8x16) 

S.F. 

1*70 

0.73 

31*3 

2.  cone,  block  (I*x8xl6) 

S.F. 

1,1*30 

0.1*5 

61*1* 

3.  5"  x  12"  cone,  sill 

L.F. 

15 

1.50 

23 

A. 2.13 


COST  ESTIMATE  -  30  PSI  BUST  RESISTANT  COMMUNICATION  BUILDINQ 


INSCRIPTION 

UNIT 

QUANTITY 

UNIT 

PRICE 

COST 

Carpentry 

1.  1x6  wood  fascia 

L.F. 

70 

0.55 

39 

2.  lad*  beveled  cant,  atrip 

L.F. 

70 

0.20 

lh 

3.  slide  windows  St  ccuntar 

Ba. 

3 

liO.OO 

120 

h.  messenger  shelf 

Ea. 

1 

17.00 

17 

5.  1x2  ftarrir.g  strip 

S.F. 

152 

0.16 

2h 

6.  1x2  blocking 

L.F. 

1,200 

0.08 

96 

7.  3A6  cam.  asbestos 

S.F. 

232 

0.30 

70 

8 .  alum .  moulding 

L.F. 

32 

0.10 

-  13 

Doors  (Frame  St  Trim) 

IT  2-3*  -6*x7  r'-g"'xl-3/U"  -w/3-12«xl2" 

2*. 

1  1 

’!  155.00 

155 

2.  3,-0"x7'-0"xl-3A,,-wA-12',xl2" 
Lt.  Sol.  core 

2a. 

2 

85.00 

170 

3.  2-2'  -6"x7'  -0"xl-3A,,-"A-12,,xl2" 
Lt.  Sol.  core 

2a. 

1 

11*5.00 

11*5 

h.  3,-0Hx7,-0"xl-3/U"  -  Sol.  core 

2a. 

3 

80.00 

21*0 

5.  3'-0"x6'  -8"x1-3/6"  -  Hoi.  core 

2a. 

5 

10.00 

200 

6.  V -8"x6' -8"xl-3/8"  -  Hoi.  core 

Ea. 

2 

ho, no 

80 

7.  2'-6"x6'-8"xl-3/8"  -  Hoi.  core 
wAouvre 

Ea. 

3 

U5.oo 

135 

8.  3'-0,'x6'-8"xl-3An  -  Hoi.  metal 

Ea. 

2 

,  65.oo 

130 

9.  8*  -Onx7'  -0"xl -3/8"  -  overhead  dr.Ea. 

2 

U5.oo 

290 

10.  3'  -0"x6‘  -8"xl-3/8"  -  Hoi.  metal 
v/vis.  pan. 

Ea. 

1 

80.00 

80 

11.  2' -8"x6‘ -8"xl-3A"  -  Hoi.  metal 

Ea. 

1 

l 

60.00 

60 

Hardware 

I.  interior  doors 

Set 

1 

13 

r 

8.nn 

101* 

2.  exterior  single  doors 

Set 

5 

15.00 

75 

”37  exterior  double  doors 

Set 

2 

30.00 

60 

h .  garage  doors 

Set 

2 

20.00 

hO 

Lath  St  Plaster 

1.  metal,  lath  &  plaster  clg.  S.J. 

S.T. 

52 

3.50 

182 

2.  acoustic  plaster  on  cone. 

S.T. 

h5 

h.20 

189 

3.  acoustic  plaster  clg.  on  M.L. 

S.T. 

17 

5.00 

85 

li.  acoustic  plaster  on  M.L.  St  chan. 

S.T. 

31 

6,00 

186 

Asphalt  Tile 

1.  1/B"  asphalt  tile  on  cone. 

S.F. 

h,175 

0.28 

1,169 

2.  L"  rubber  base 

L.F. 

707 

0.35 

2h7 

A.2.1U 


COST  S5TIMATE  -  30  PSI  BUST  RESISTANT  COHMURICATIOH  BUILDINO 


EESCRIPTION 

UNIT 

OPART!  TT 

UNIT 

FRICS 

COST 

Roofing  St  Sheet  Hotel 

1.  5  p Ay  n/u  rooi  ♦  2"  rigid  inail. 

Sq. 

55 

55.00 

3,025 

2.  bx6  copper  gutter 

L.F. 

526 

2.25 

1,18b 

3*  8"  16  os.  gutter  flashing 

L.7. 

526 

0.60 

316 

2"xL"  copper  leader 

L.F. 

91 

2.50 

226 

5.  thruvall  cap  flashing 

S.F. 

30 

1.00 

30 

6.  thruvall  water  block  flashing 

S.F. 

932 

1.00 

932 

Waterproofing 

1.  5  ply  wabrane 

S.F. 

5,26b 

O.U) 

2,11b 

2.  foundation  waterproofing 

S.F. 

560 

0.15 

8b 

3.  interior  daapp roofing 

S.F, 

b,b9® 

0.15 

675 

0 lasing 

1.  window  glass 

S.F. 

90 

0.35 

32 

Metal  Windows 

1.  3,-5"x5,-5"  -  arch  proj. 

Sa. 

3 

b5.oo 

135 

Miscellaneous  Metals 

1.  metal  threshold  -  3"x5,-0" 

Ea. 

2 

15.00 

30 

2.  metal  threshold  -  yxl'-J)" 

Sa. 

5 

15.00 

75 

3.  6  8.2#  pipe  sleeve  -  1  unit 

Lb. 

66 

0.20 

13 

1*.  2,-6"x2,-6n  steel  trap  door 

Ea. 

1 

60.00 

60 

5.  2"  pipe  sleeves  -  no  caps 

Ea. 

2b 

1.00 

2b 

6.  2"  pipe  sleeves  -  with  cape 

Es. 

16 

2.50 

bo 

7.  3/bHxl2"  C.I.  ladder  rungs 

Ea. 

6 

2.10 

13 

8.  sdec.  bolts  &  anchors 

L.S. 

— 

100,00 

100 

Ceramic  Tile 

1.  wall  tile 

S.F. 

223 

1.75 

390 

2.  floor  tile 

S.F. 

95 

1.75 

166 

Painting 

1.  doors  &.  windows  (3  coats) 

S.F. 

1,100 

0.15 

165 

2.  cone  re '-c  4  block  (2  coats) 

S.F. 

17,b91 

0.10 

l,7b9 

A. 2.15 


CCST  55TIHATC  -  30  PSI  BUST  RLSISTAOT  CCHHUHICATICN  BUILDINQ 


TOTAL  5 If! 

FttOriT,  OVERHEAD  AWD  CONTI NGLKCIES  (2&) 
TOTAL  COST 

COST  OF  PRIMARY  STRICTURE 

COST  OF  SHELTER 

rras  VOT  INCLUDED 

Mechanical  ana  electrical  equipment 
Air  lockfc  and  deccntaednation  facilities 


COST 

$  105,59U 
26,399 
— 131,993 
120,155 
11,830 


COST  ESTIMATE  -  OOMVHMTIOWAL  WAREHOUSE 


UCT 


DESCRIPT 12* 

UNIT 

QO  AMT  ITT 

PRICE 

cocr 

Earthwork 

1.  machins  excavation 

C.T. 

220 

$  1.35 

%  m 

2.  hand  excavation 

C.T. 

20 

lx.OO 

3.  backfill 

C.T. 

no 

0.80 

S3 

2*.  earthfiU 

C.T. 

3,016 

1.25 

3,  -70 

Conorete  Work 

1.  roof  beams 

C.T. 

35 

30.00 

1,  o 

2.  columns 

C.T. 

h9 

30.00 

1,70 

3*  floor  elab  St  platfoza 

C.T. 

350. 

3o.cn 

10,  jo 

1*.  foundation  wsll 

C.T. 

90 

30.00 

2,  00 

? •  footing* 

C  .T. 

72 

30.00 

2,  00 

6.  window  sill 

LJ*. 

lQU 

2.75 

-6 

7 .  wall  coding 

C.T. 

1.5 

30.00 

*5 

6.  etairs  (on  grade) 

C.T. 

6 

30.00 

70 

9.  finishing  slab 

s.r. 

18,1*00 

0.15 

2,  X 

Forework 

1.  ro-jf  beams 

S.F. 

3,000 

0.90 

2,  00 

2.  colunus 

S.F. 

6,000 

0.60 

U,  -  00 

3.  platform 

S.F. 

1*,1*60 

0.60 

2,  ’6 

1*.  foundation  vail 

S.F. 

6,850 

0.60 

1*,  10 

5.  wall  ooping 

S.F. 

80 

0.6C 

.e 

6.  stairs  (on  grade) 

S.F. 

500 

0.60 

00 

Reinforcing  &  etc. 

1.  rods 

Tons 

20.10 

250.00 

5,  :5 

2.  wire  mesh  (66-1*1*) 

Sq« 

161* 

6.61* 

1,  02 

3.  1/2x6  expansion  Joint 

L.F. 

926 

0.10 

33 

Masonry 

1.  eon  briok  (12"  fire  wall) 

M 

21.5 

160.00 

3,  aO 

2.  cone,  block  0x8x16 

S.F. 

7,500 

0.65 

U,  ^ 

3.  oono.  block  Luoxl6 

S.F. 

160 

0.1*0 

Ob 

l*.  cone,  block  6x6x16 

S.F. 

500 

•J.5  5 

’0 

Metal  I’roc'ucts 

1.  pivoted  steel  sash 

S.F. 

600 

?.oo 

1,  0 

2.  thresholds 

1 A  . 

1 

15.00 

-5 

3.  1-1/2*  pipe  rail 

Lb. 

125 

O.uO 

-0 

It.  i"  pipe  rail  (door  guardo) 

Lb. 

U35 

o.Uu 

'7b 

5.  class  "A"  fire  doors 

Ea. 

2 

200.00 

!  0 

6.  dove  tail  anchors 

L.F. 

1,100 

0.35 

:  5 

7.  glating 

S.F. 

1*16 

0.35 

:  os 

8.  finish  hardware 

— 

L.S. 

100.00 

:  o 

A. 3-1 


COST  ESTIMATE  -  CCMVEHTICMAL  WAREHOUSE 


UNIT 

DESCRIPTION 

UNIT 

QUANTITY 

PRICE 

COST 


Mlllwork 

IT  exterior  door,  fra**  it 
trla 

2.  interior  door,  frame  & 

trla 

3.  screen  door* 
u.  orerhead  door* 

5.  twin  window,  frame  &  trla 

6.  *ingl*  window,  frame  & 

trla 

7*  lxl*  baa* 

Carpentry 

1.  roof nailer 

2.  l/U”  asbestos  board 

3.  3A"-lA  round 

U.  door  frames  (2x8) 

5.  door  frames  (1x3) 

6.  platform  bumper  (6x8) 

Roof  &  3.M. 

1.  5  ply  built  up  roof, 

1"  rigid  Insulation 

2.  grcrel  stop 

3.  thru  wall  flashing  36" 

Painting 

1.  masonry  (2  coats) 

2.  asbestos  board  (3  coats) 

3.  overhead  doors  (3  coats) 
U.  wood  doors  &  frames 

(3  coats) 

5.  wood  Windows  6  frames 

(3  coats) 

6.  steel  windows  (3  coats) 

Structural  Steel 

1.  bar  joists 

2.  angles  !i  etc. 

Precast  channel  slab 
Precast  cant  strip 


Ea. 

1 

80.X 

80 

Ea. 

u 

1*0.X 

160 

Ea. 

1 

20.X 

20 

Ea. 

8 

350.X 

2,8X 

Ea. 

2 

65.x 

130 

Ea. 

1 

50.x 

50 

L.F. 

IX 

0.18 

18 

MFBM 

1 

150.x 

150 

S.P. 

2,030 

0.25 

508 

L.F  • 

520 

0.15 

78 

MFBM 

0,1* 

3X.00 

120 

L.F. 

250 

0.20 

50 

MFEK 

2.2 

350.x 

770 

S.F. 

17, 3X 

o.l*5 

7,735 

L.F. 

L8o 

l.x 

)*8o 

L.F . 

70 

0.60 

1*2 

S.F. 

6,010 

0.10 

soo 

S.F. 

\5X 

0.12 

100 

S.F. 

1,6X 

0.20 

320 

S.F. 

250 

0.15 

38 

S.F. 

90 

0.15 

11* 

S.F. 

600 

0.20 

120 

Ton 

10.80 

3<0.X 

3,780 

Ton 

3,00 

350.X 

1,030 

S.F. 

17, 3X 

0.50 

3,650 

L.F. 

11*0 

1.00 

11*0 

A.3.2 


COST  ESTIMATE  -  CONVENTIONAL  WAREHOUSE 


TOTAL  SUM  $  &S,k92 
PROFIT,  OVERHEAD  &  CONTINGENCIES  (25*)  21,373 
TOTAL  COST  106,865 


ITEMS  HOT  INCLUDED 

flosi  as  iaksn  from  Original  Estimate 

Electrical  1#25H 

Plumbing  353 

Sprinkler  Syataa  li,595 

Heating  &  Ventilation  223 


COST  ESTIMATE  -  10  PSI  BLAST  RESISTANT  WAREHOUSE 


DESCRIPTION 

UNIT 

Earthwork 

I.  machine  excavation 

C.T. 

2.  hand  excavation 

C.T. 

3.  backfill 

C.T. 

U.  ccrthfill 

C.T. 

Concrete  Work 

1.  root  slab 

C.T. 

2*  roof  beans 

C.T. 

3*  ool  tarns 

C.T. 

U.  walls  St  pilasters 

C.T. 

5.  floor  slab  L  platform 

C.T. 

6.  footings 

C.T. 

7.  stairs  (on  grade) 

C.T. 

8.  finishing  slab 

SJ. 

Forework 

1.  roof  slab 

S.F. 

2.  roof  beans 

S.F. 

3.  collars 

S.F. 

1*.  walls  &  pilasters 

S.F. 

5.  footings 

S.F. 

6,  stairs  (on  grade) 

S.F. 

Reinforcing 

1.  rods 

Ton 

2.  wire  wash  (66-1*1*)  - 

Sq. 

Millvark 

1.  exierlor  door,  frame 

St  trie 

8a. 

2*  interior  door,  frees 

St  trie 

Ea. 

3*  screen  door 

8a. 

Blast  Doors 

1,  structural  steel 

Ton 

2.  Robertson  Q  deck 

Ton 

Carpentry 

1.  platform  bueper  (6x6) 

M.F.B.M 

UMIT 


QUANTITT 

PRICE 

TOST 

531 

$  1.35 

$  767 

163 

l*.oo 

652 

385 

0.80 

308 

2,190 

1.25 

2,738 

237 

30.00 

7,110 

205 

30.00 

6,150 

20 

30.00 

600 

598 

30.00 

17,91*0 

3li9 

30.00 

10,1*70 

123 

30.00 

3,690 

6 

30.00 

180 

li*,627 

0.15 

2,19U 

11,1*20 

0.60 

6,852 

5,500 

0.90 

U.950 

1,970 

0.80 

1,576 

32,626 

0.60 

19,576 

3,171 

0.1*0 

1,268 

102 

o.8o 

82 

99.60 

250.00 

21*,  900 

150 

6.81* 

1,026 

1 

80.00 

80 

1* 

1*0.00 

160 

1 

20.00 

20 

7.7 

1*00.00 

3,080 

2.3 

750.00 

1,725 

2.2 

350.00 

77C 

A.3.U 


V 

«> 


COST  ESTIMATE 

-  10  PSI  BLAST  RESISTANT 

WAREHOUSE 

DESCRIPTION 

UNIT 

X'-wrrTi 

UNIT 

PRICE 

COST 

Roofing 

1.  5  ply  bnilt  up  roof 

1"  rigid  insulation 

Sq. 

173 

1*57.00 

7,78$ 

Metal  Products 

1.  thresholds 

5a. 

1 

1$.00 

1$ 

2.  1-1/2"  pipe  rail 

Lb. 

213 

O.hO 

87 

3.  2"  pipe  rail  (door  guards)  Lb. 

U3S 

0.U0 

17U 

1*.  class  "A"  fire  doors 

Ea. 

2 

200.00 

1*00 

5.  steel  rool  up  doors  1 

Ea. 

8 

500.00 

u,000 

6.  finish  hardware  1 

*  !'|' 

— 

L.S. 

100.00 

100 

( 

Painting 

6,$X 

1.  concrete  (2  coats) 

S.P. 

0.10 

o$0 

2.  wood  door  it  fraae 
(  3  coats) 

S.P. 

2$0 

1 

0.1$ 

38 

TOTAL  SUM 

3  132,113 

PROFIT,  OVERHEAD  &  CONTOOENCIES  (2$*) 

33,028 

TOTAL  COST 

t 

I6$,llil 

COST  OF  PRIMARY  STRUCTURE 

1$7,?07 

COST  OF  SHELTER  ' 

7,631* 

ITEMS  NOT  INCLUDED  1  , 

Mechanical  and  electrioal  equipment 

Air  locks  and  dooontaainatlon  facilities 

l 


A.3.5 


COST  ESTIMATE  -  20  PSI  BUST  RESISTANT  VARIgJUSE 


UNIT 


DESCRIPTION 

UNIT 

jQTtAUTITT 

PRICE 

COST 

Earthwork 

1.  wmcMam  excavation 

C.T. 

586 

9  1.35 

1  791 

2.  hand  excavation 

C.T. 

200 

l*»oo 

800 

3.  backfill 

C.T. 

317 

0.80 

25U 

1*.  earthfill 

C.T. 

2,33 6 

1.25 

2,920 

Concrete  Work 

1.  roof  sla£ 

C.T. 

398 

30.00 

U,9U0 

2.  roof  beans 

C.T. 

303 

30.00 

9,090 

3.  colons 

C.T. 

28 

30.00 

81*0 

U.  walls  and  pilasters 

C.T. 

875 

30.00 

26,250 

5.  floor  slab  and  platform 

C.T. 

351 

30.00 

10,530 

6.  footings 

C.T. 

255 

30.00 

7,650 

7.  stairs  (on  grads) 

C.T. 

6 

30.00 

180 

8.  finishing  slab 

S.F. 

U*,627 

0.15 

2,191* 

Fonrrvork  . 

IT  roof  slab 

S.F. 

11,355 

0.60 

6,813 

2.  reef  beans 

S.F. 

6,117 

0.90 

5,505 

3.  coltuma 

S.F. 

2,1*23 

0.80 

1,^38 

1*.  walls  and  pilasters 

S.F. 

37,136 

0.6C 

22,282 

footings 

S.F. 

U,260 

0.1*0 

1,701* 

6.  stairs  (on  grade) 

S.F. 

105 

0,80 

81* 

Reinforcing  Steel 

1.  rods 

Tons 

157.00 

250.00 

39,250 

2.  wire  nosh  (66-Uli) 

Sq, 

11*8 

6.81* 

1,012 

Blast  Doors 

I.  structural  steel 

Tons 

8.80 

-  1*00.00 

3,520 

2.  Robertson  roof  deck 

Tons 

2.60 

750.00 

1,950 

Mill work 

T7  ext.  door,  frame  and  tnn 

Ea. 

1 

80.00 

80 

2.  int.  door,  frame  and  trim 

Ea. 

3 

1*0.00 

120 

3.  screen  door 

Ea. 

1 

20.00 

20 

Carpentry 

1.  platform  bumper  (6x8) 

KFT3K 

2.2 

350.00 

770 

Roofing 

i.  5  ply  built  up  roof 
l1’  rigid  insulation 

Sq. 

173 

1*5.00 

7,785 

1.3.6 


cost  astikate  -  20  ps 

I  BLAST 

RESiSTAirr  WAREHOUSE 

UNIT 

DESCRIPTION 

UNIT 

QUANTITT 

PRICE 

COST 

Matal  Products 

1.  threshold 

Ea. 

1 

i5.oo 

15 

2*  12"  pipe  rail 

lb. 

218 

.1*0 

87 

3.  2"  pipe  rail  (door  guarde) 

lb. 

1*35 

.)|0 

17U 

U.  class  A  fir*  door 

Ea. 

2 

200.00 

EDO 

5.  steel  roll  up  doors 

Bt. 

6 

500.00 

3,000 

6.  finish  hartbrare 

L.S. 

100.00 

100 

Painting 

1.  concrete  (2  coats) 

6,$00 

0.10 

650 

2.  wood,  door  and  f raises 
(2  coats) 

250 

0.15 

38 

TOTAL  SUM 

170,736 

PROFIT,  OVERHEAD  AND  CJNTINOBJCIES  (2 5») 

1*2,681* 

TOTAL  COST 

213,1*20 

COST  OF  PRIMARY  STRUCTURE 

201*, 017 

COST  OF  SHELTER 

9,1*03 

ITiXS  HOT  INCLUDED 


Mechanical  and  electrical  equipnent 
Air  locks  and  decontamination  facilities 


A.3.7 


DESCRIPT ICH 
Earthwork 

1.  machine  excavation 

2.  hand  excavation 
3«  backfill 

b.  earth fill 

Concrete  Work 


2.  roof  beame 
3*  columns 

b.  walls  and  pilasters 

5.  floor  slab  and  olatform 

6.  footings 

7.  stairs  (on  grade) 

8 .  finishing  slab 

Formwork 
TI  roof  slab 

2.  roof  beans 

3.  columns 

U.  walls  and  pilasters 

5 .  footings 

6.  stairs  (on  grads) 

Reinforcing 


2*  welded  wire  mesh  (66-bb) 

niasttDoors 

1*  structural  steel 

2.  Robertson  roof  deck 
# 

Klllvork 

1.  ext.  door,  frame  and  trim 

2.  int.  door,  frame  and  trim 

3.  screen  door 


TT  platform  bumper  (6x8) 
Roofing 

1."  5  ply  built  up  roof 
1"  rigid  insulation 


UNIT 


UNIT 

QUANTITT 

p.u:e 

UC'Oa 

C.T. 

780 

$  1.35 

5  1,053 

C.T. 

hh6 

b.00 

1,78b 

C.T. 

522 

0.30 

bl8 

C.T. 

2,3b5 

1.25 . 

2,931 

C.T. 

557 

30.00 

16,710 

C.T. 

b53 

30.' rO 

13,590 

C.T. 

U2 

30.00 

1,260 

C.T. 

1,179 

30.00 

35,370 

C.T. 

353 

30.00 

10,590 

C.T. 

b9b 

30.00 

lb, 820 

C.T. 

6 

30.00 

180 

S.F. 

lb,627 

o.i5 

2,19b 

S.F. 

11,303 

0.60 

6,782 

S.F. 

7,bl7 

0.90 

6,675 

S.F. 

2,99b 

0.80 

2,395 

S.F. 

37,813 

0.60 

22,668 

S.F. 

5,626 

O.bO 

2,250 

SJ. 

107 

0.80 

86 

Tons 

258.00 

250.00 

6b, 500 

Sqs . 

lb8 

6.3b 

1,012 

Tons 

13.50 

Uoo.oo 

5,  boo 

Tons 

3.90 

750.00 

2,925 

Ea. 

1 

80.00 

80 

Ea. 

3 

UO.OO 

120 

Ea. 

1 

20.00 

20 

MFBM 

2.2 

350.00 

770 

Sq. 

173 

b5.oo 

7,785 

1.3.8 


COST  ESTIMATE  -  30  PS1  BUST  RESISTANT  WAREHOUSE 


UNIT 


DESORIPTICH 

UNIT 

QUANTITY 

PRICE 

COST 

Metal  Products 

1.  threshold 

Ka. 

1 

i5.oo 

15 

2.  1^'  pipe  rail 

lb. 

218 

.1*0 

87 

3.  2*  pipe  rail  (door  guards) 

lb. 

U35 

.1*0 

17U 

L.  olaas  A  fire  door 

Ea. 

2 

200.00 

1*00 

5.  steel  roll  tip  doors 

Ea. 

6 

500.00 

3,000 

6.  finish  hardware 

L.S. 

100.00 

100 

Painting 

1.  concrete  (2  coats) 

S.F. 

6,500 

0.10 

650 

2.  wood  door  and  frames  (3  coats) 

S.F. 

250 

0.15 

38 

TOTAL  SUM 

•?  220,852 

PROFIT,  OVERHEAD  AND  C0NTDP3ENCIRS  (2#) 

?7,213 

TOTAL  COST 

286,065 

COST  OF  PRIMARY  STRUCTURE 

272,1:71 

COST  OF  SHELTER 

13,591 

ITBSS  HOT  INCLUDED 


Mechanical  and  electrical  equipnent 
Air  locks  and  decontamination  facilities 


COST  ESTIMATE  -  EARTH  COVERED  CONCRETE  IOLOO  MAQA2TNE 


25  PSI  BLAST  RESISTANCE  3TRUCTTFRE 

UNIT 


DESCRIPTION 

Earthwork 

TI  iiacKIne  excavation 

2.  hand  excavation 

3.  backfill 

U.  gravel  fill 
5.  earth  fill 

Concrete  Work 

T7  arch  C*  U5°pour) 

2*  arch  ( 

3*  roof  slab 
U.  valla 

5.  floor  slab 

6.  footings 

Formwork 

T*  arch  (  U5°pour) 

2.  arch  (  U50pour) 

3.  roof  slab 

U.  valla 

5.  floor  slab 

6.  footings 

Reinforcing 

T.  rods 

2.  wire  mesh  (66-UU) 
Structural  Steel 


I 


UNIT 

QUANTITT 

PRICE 

COST 

C.T. 

75 

$  1.35 

*  101 

C.T. 

135 

li.OO 

5U0 

C.T. 

156 

0.80 

U5 

C.T. 

33 

3.50 

116 

C.T. 

2,707 

1.25 

3,38U 

C.T. 

31 

30.00 

930 

C.T. 

31 

30.00 

930 

C.T. 

13 

30.00 

390 

C.T. 

71 

30.00 

2,130 

C.T. 

6l 

30.00 

1,830 

C.T. 

61 

30.00 

1,830 

s.r. 

2,698 

1.25 

3,373 

S.F. 

1,320 

1.25 

1,650 

S.F. 

353 

0.60 

212 

S.F. 

U,03U 

0.60 

2 ,1*20 

S.F. 

235 

o.Uo 

9h 

S.F. 

552 

o.Uo 

221 

Tons 

15.30 

250.00 

3,-25 

80. 

16 

e.6 h 

138 

Tone 

0.30 

i,Uoo.oo 

U  20 

Tone 

J.30 

i,Uoo.oo 

11*0 

Ea. 

1 

150.00 

150 

S.F. 

6,610 

0.10 

561 

COST  ESTIMATE  -  UBT1  COVERED  CQilCRaf::  IGLOO  KAQAZINS 
P3I  BLAST  RESISTANCE  STRUCTURE 

COST 

TOTAL  SUM  *  ZS*U30 

PROFIT.  OVERHEAD  AND  CONTINGENCIES  (2&)  6,358 

TOTAL  COST  31*788 

0J3T  OF  PRIMARY  STRUCTURE  21,298 

COST  OF  ENTRANCE  AMD  EXIT  HATCH  10,U90 

IT5MS  NOT  INCLUDED 

Interior  partitions 

Hechanioal  and  electrical  equipment 

Air  locks  and  decontamination  facilities 


i 


'P3T  ESTIMATE  -  EARTH  CC'^fTD  COKCPT?,  IGLOO  MAOAZIVE 


50  PS  I  BLAST  RESISTANCE  STRUCTURE 


UNIT 


DESCRIPTION 

UNIT 

QUANTITY 

PRICE 

cc 

** 

Earthwork 

1.  machine  excavation 

C,T. 

209 

$  1.35 

1 

282 

2.  backfill 

C.T. 

23 

0.80 

18 

3.  gravel  fill 

C.Y. 

37 

3.50 

130 

l.  •arthfill 

C.Y. 

3,11*6 

1.25 

,923 

Concrete  Work 

1.  arch  (  <  1j5°  oour) 

C.Y. 

33 

30.00 

990 

2 .  arch  (  >  U$°  pour) 

C.Y. 

33 

30.00 

-90 

3.  1*00 f  slab 

C.Y. 

16 

30.00 

5U0 

h.  walls 

C.Y. 

123 

30.00 

,690 

5.  floor  slab 

C.Y. 

152 

30.00 

L 

560 

Formwork 

1.  arch  (  <  b5°  pour) 

S.P. 

2,628 

1.25 

\?p5 

2,  arch  f  >  h$°  oour) 

S.F. 

1,31 ii 

1.25 

:  ,61*3 

3.  roof  slab 

S.F. 

182 

0.60 

L.  walls 

S.F. 

5, 1**9 

0.60 

,?93 

5.  floor  slab 

S.F. 

639 

o.ho 

256 

Re info rein? 

•  1.  rods 

Tons 

39.00 

250.00 

,7>0 

Structural  Steel 

1.  bia3t  door  and  frame 

Tons 

0.3C 

1/-00.00 

1*20 

2.  exit  hatch  and  frame 

Tons 

0.15 

l,li00.00 

21C 

Carpentry  and  Fill  work 

1.  interior  door 

Ea. 

1 

150.00 

150 

Damn  Proofing 

S.F. 

6,210 

0.10 

621 

COST  ESTIMATE  -  EJl  ,  COVERED  CONCRETE  IOLOO  MA0A2EB 


$0  PS  I  BLAST  RESISTANCE  SDRUCTtRZ 


COST 

TOTAL  SUM  f 

1 

•  35, OhO 

■  1 

PROFIT .  OVERHEAD  AND  CGNTINCEMCIES  (2g*) 

8,760 

/ 

TOTAL  COOT 

U3,300 

COST  OF  PRIMARY  STRUCTURE 

2k,35h 

COST  CF  ENTRANC  UD  EXIT  HATCH 

16,205 

I73<S  NCT  INCLUDED ’ 

Interior  cart it ions 

Mechanical  and  electrical  equiDmeot 

Air  locks  end  decontamination  facilities 


COST  S5TIMA7B  -  EAST**  COVTJRKD  CONCRETE  IGLOO  MAjA^II.’S 
100  PSI  BLAST  REST  STANCE  3TR,,CHTRE 


DESCRIPTION 

WIT 

CJAhTTTT 

Earthwork 

1.  machine  excavation 

C.T. 

3Ui 

2.  backfill 

c.r. 

36 

3*  gravel  fill 

c.r. 

38 

1*.  earth  fill 

C.T. 

3,522 

Concrete  Work 

1#  arch  (  U£upour) 

C.T. 

65 

2.  arch  (  U5°pour) 

C.T. 

65 

3.  roof  slab 

C.T. 

27 

1*.  vails 

C.T. 

155 

6.  floor  slab 

C.T. 

239 

»mrr 

PRICE 


1.35 

o.eo 

3.50 

1.25 


30.00 
30.00 
30.00 
30.00 
30. 00 


Formwork 

n  arch  (  U5°pour) 

2.  arch  (  U5°po.ir) 

3.  roof  slab 
U.  walla 

5.  floor  slab 


Rainforcing 
n  rods 


Structural  Steel 
V.  blast  door  and  frame 
2.  exit  hatch  and  frame 


Carpentry  and  Mlllwork 
1.  interior  door 

Damp  Proofing 


S.F. 

2,662 

1.25 

S.F. 

1,331 

1.25 

S.F. 

518 

1.60 

S.F. 

6,028 

0.60 

S.F. 

91*0 

0.1*0 

Tons 

96.60 

250.00 

Tons 

0.30 

1,1*00.00 

Tons 

0.20 

1,1*00.00 

Ea. 

1 

150.00 

S.F. 

6,500 

O.10 

COST 


«  h2k 
29 
133 
U,l*03 


1*950 

1*950 

310 

t*,650 

7,170 


3,328 

1,661* 

310 

3,617 

376 


2h,l<0 


1*20 

2B0 


150 

658 


A.U.5 


cost  ssrn.og  -  £artr  covered  c  w^e  hljo  maoaziue 


100  ?Sl  SLAS?  IKSISr^ICi  STRUCTTRE 


TOTAL  SUM 

PROFIT,  OVERHEAD  AND  CONTINGENCIES  (2g<$) 
TOTAL  COST 

COST  OF  PHIHARX  STRUCTURE 
COST  OF  ENTRANCE  AIID  EXIT  HAT?? 

IT31S  NOT  INCLUDED 


Interior  partitions 

Mechanical  and  electrical  equips ent 

Air  locks  and  decontaaination  facilities 


» 


A.Li.6 


COST 

*  56,U72 

l!i,U8 

70,590 

U9,97U 

^0,616 


COST  ESTIMATE  -  EARTH  C07&H)  CONCRETE  IQLX  WAQAZiyg 
200  PSI  BLAST  RESISTANCE  STRUCTURE 


DESCRIPTION 

Earthwork 

1.  Machine  excavation 

2.  backfill 

3.  gravel  fill 
l*.  earth  fill 

Concrete  Work 
r  arch  (  1*5°  pour) 

2.  arch  (  1*5°  pour) 

3.  roof  el tk> 
h.  walls 

5.  floor  slab 

Formwork 

1.  arch  (  1*5°  pour) 

2.  arch  (  lit'0  pour) 

3*  roof  slab 

li.  walla 

5.  floor  slab 

Reinforcing 
T.  rode 

Structural  Steel 

1.  blast  door  and  frame 

2. '  exit  hatch  and  frame 

Carpentry  and  Mlllvork 
I.  interior  door 

Damp  Proofing 


UNIT 


OMIT 

QUANTITT 

racE 

COST 

C.T. 

505 

♦  1.35 

$  682 

C.T. 

50 

0.80 

1*0 

C.T. 

39 

3.50 

137 

C.T. 

3,732 

1.25 

L,665 

C.T. 

200 

30.00 

6, ox 

C«  T. 

201 

30.00 

6, OX 

C.T. 

36 

30.x 

1,060 

C.T. 

26? 

30.x 

8,070 

C.T. 

1*09 

30.x 

12,270 

S.F. 

2,701 

1.25 

3,380 

S.F. 

1,352 

1.25 

1,690 

S.F. 

535 

0.60 

321 

S.F. 

6,1*23 

0.60 

3,851* 

S.  F . 

1,375 

o.i*o 

550 

Ton? 

178.00 

250.x 

1*1*, 5X 

Tons 

0.1*0 

1,1*00,00 

560 

TonE 

0.25 

1,1*X.00 

3*> 

Ea. 

1 

150.x 

150 

S.F. 

7,210 

0.10 

721 

A.i*.7 


COST  IflTimTB  -  EA3TH  CCVffiSD  COlCRCt  IOLDO  J/UOkUM 


200  PSI  BLAST  RE5IfTAjfCg  STTPCTURJg 


COOT 

TOTAL  SOM  0  03,020 
PROFIT.  OVERHEAD  AND  C0NTIH0S1ICIES  (230  20,755 
TOTAL  COST  103,775 
COST  OF  PRIMART  STRUCTURE  71,355 
COST  OF  ENTRANCE  AND  SHT  HATCH  32,U20 
ITi3fS  WOT  DCLUPED 


Interior  partition* 

Mechanical  and  electrical  equipment 
Air  locks  and  decontamination  facilities 


-  URTH  007CTEP  RSCTAjtOUUR 
2 5  P9I  BLAST  R35I5TAET  gPPCTCFE 


CHIT 


DESCRI  °TION 

CHIT 

qUjUfTITT 

PRICE 

COST 

Earthwork 

1,  aachin*  axearation 

C.T. 

11*0 

$  1.35 

$  189 

2,  hand  axearation 

C.T. 

221 

li.OO 

881* 

3.  backfill 

C.T. 

75 

0.80 

60 

h.  gravel  fill 

c.r. 

60 

3.50 

210 

5.  aarth  fill 

C.T. 

1*,051* 

1.25 

5,068 

Concrete  Work 

1.  roof  slab 

C.I. 

99 

30.00 

2,570 

2.  roof  bea*n 

C.T. 

70 

30.00 

2,100 

3.  column* 

C.T. 

1* 

30.00 

120 

1*.  walla  4  pilaster* 

C.T. 

217 

•  30.00 

6,510 

5.  floor  slab 

C.T. 

91 

30.00 

2,730 

6.  footings 

C.T. 

11*1 

30.00 

li, 230 

Formwork 

1.  rooi  slab 

S.P. 

2,71*1* 

0.60 

1,61*6 

2.  roof  baaM 

S.F. 

1,300 

0.90 

1,170 

3.  colusaui 

S.F. 

290 

0.80 

232 

l.  wall*  k  pilaatar* 

S.F. 

io,6ia 

0.60 

6,385 

5.  footing* 

S.F. 

980 

0.L0 

392 

Rainforcing 

1.  rode 

Tons 

56.2 

250.00 

ili,050 

2.  wire  meah  (66-t*li) 

8q. 

32 

8.61* 

276 

Structural  Steal 

1.  blast  door  and  fraaa 

Ton* 

0.3 

1,1*00.00 

1*20 

2.  exit  hatch  and  fraae 

Tons 

0.10 

1,1*00.00 

liiO 

Carpentry  and  Mill  work 

1,  interior  door 

Sa. 

1 

150.00 

150 

Dmp  Proofing 

S.F. 

9,210 

0.10 

921 

A. 5.1 


COST  iSHH IT£  -  SARTF  (TVSRSD  RSCTAROULAR 


25  FBI  BUST  RESISTANT  ST RLCTPRS 


006T 

TOTAL  SUn  I  50,853 

PROFIT.  OVERHEAD  AMD  COWTIMOEHCISS  (2&)  12,713 

TOTAL  COST  63,566 

COST  OF  PRIMARY  STRUCTURE  51,602 

COST  OF  SWTRAWCE  AND  KCT  HATCH  11,961* 

II B6  WOT  INCLUDED 

Interior  partitions 

Mach an i cal  and  electrical  equipment 

Air  locks  and  decontamination  facilities 


A.5.2 


COST  ESTIMATE  -  -y/SRIj  RjCT  ANOCI^  R 


50  PTI  BUST  RESISTANT  STR'.CTl’RS 


UNIT 


DSSCRI  PH  ON 

UKIT 

QUANTITY 

PKJCE 

££X 

Earthwork 

1.  machine  excavation 

C.Y. 

268 

$  1.35 

$  362 

2.  hand  excavation 

C.T. 

67 

ii.00 

268 

3.  backfill 

C.Y. 

lil 

0.80 

33 

L.  gravel  fill 

C.Y. 

U. 

3.50 

llli 

5.  earth  fill 

c.r. 

1,931 

1.25 

6,i6a 

Ccncreta  Work 

1.  roof  slab 

C.Y. 

98 

30.00 

2,9it0 

2.  roof  bears 

C.T. 

121 

30.00 

3,00 

3.  column  8 

C.Y. 

5 

30.00 

150 

l.  walls  and  pilasters 

C.T. 

261 

30.00 

7,920 

5.  floor  elab 

C.Y. 

125 

30.x 

3,750 

6.  floor  beam* 

C  Jf. 

121 

30.x 

3,630 

Formwork 

1.  roo/  slab 

S.F. 

2,610 

0.60 

1,566 

2.  roof  beams 

S.F. 

1,677 

0.90 

1,509 

3.  columns 

S.F. 

231 

0.80 

187 

L.  walls  and  pilasters 

S.F. 

11,0U7 

0.60 

6,628 

5.  floor  slab 

S.F. 

333 

O.liO 

133 

6,  floor  beams 

S.F. 

1,532 

O.ilO 

213 

Reinforcing 

1.  rods 

Tone 

8li.5 

250.X 

21,125 

Structural  Steel 

1.  blast  door  and  frame 

Tons 

0.30 

i,i/y>.x 

li20 

2.  exit  hatch  and  frame 

Tone 

0.15 

l,liX.X 

210 

Carpentry  srd  M*llwor!c 

1.  interior  door 

da. 

1 

150.x 

150 

Damp  Proofing 

S.F. 

10,680 

0.10 

1,068 

A. 5.3 


COST  ESTIMATE  -  SARTH  C072RSD  KZCTAWCPUR 


$0  PSI  BUST  RSSISTAWT  STWJCTDM 


COST 

TOTAL  SJM  $  61,669 

profit.  md  Ann  contxnsencies  c&l)  15,1*17 

TOTAL  COST  77,066 

POST  OF  PRIMARY  STRUCTURE  56,1*98 

COOT  Of  ENTRANCE  AND  SHT  HATCH  20,586 

ITEMS  WOT  INCLUDED 


Interior  partitions 

Mechanical  and  electrical  equipaa nt 

Air  locks  aid  decontamination  facilities 


COST  ESTIMATE  -  SARTF  C0731SD  RECTANGULAR 


100  PSI 

BLAST 

RililSTANT  STRUCTURE 

: 

DESCRIPTION 

UNIT 

QUANTITT 

UNIT 

PRICE 

COST 

Earthwork 

T7  maoTSIne  excavation 

C.T. 

374 

$  1.35 

;  505 

2.  hand  excavation 

C.I. 

lii3 

U.oo 

572 

3.  backfill 

C.T. 

51 

0.80 

2*1 

L.  gravel  fill 

C.I. 

36 

3.50 

126 

5.  earth  fill 

C.I. 

5,872 

1.25 

7,31*0 

I 

Concrete  Work  * 

1.  roof  alaK 

C.T. 

UP 

30.00 

i 

It, 1*70 

2.  roof  beams 

C.T. 

226 

30.00 

6,780 

3.  col  tarns 

C.T. 

10 

30.00 

300 

!i.  walls  and  pilasters 

C.T. 

351 

30.00 

10,530 

5.  floor  slab 

C.T. 

183 

30.00 

5.U90 

6.  floor  beans 

C.T. 

30.00 

5 ,9hO 

Fomwork 

IT  roof  slab 

IK 

2,1*80 

0.60 

1,1*88 

2.  roof  and  floor  beans 

;  .k. 

2,07  v 

0.90 

1,868 

3.  col  vans 

j.k 

*  V‘ 

3.80 

271* 

l*.  walls  and  pilasters 

i.r, 

7.60 

7,058 

5.  floor  slab 

S.F. 

.Lo 

200 

6.  floor  beams 

S.F. 

.1*0 

283 

Reinforcing 

1.  rods 

Tons 

1 

123.10 

250.00 

30,775 

Structural  Steel 

1.  hlaet  door  and  frame 

Tons 

0.30 

l, Loo. oo 

1*20 

2.  exit  hatch  and  frame 

Tons 

0.20 

1,1*00.00 

280 

Carpentry  ano  ‘lllwork 

1.  interior  do  r 

Ea 

1 

150.00 

i5o 

COS?  aSTTMATg  -  KART"  (X)V«R£D  RECTATHULAR 
100  PSI  BLAST  ftSSISTANT  STRUCTURE 


COST 

TOTAL  SUM  $  86,01*9 

PROFIT,  OVERHEAD  AND  QOMTIHOESCIES  (2fl)  21,^12 

TOTAL  COST  107, 

COST  OF  PRIMARY  STRUCTURE  82,923 

COST  OF  B1TRANCE  AND  EXIT  7TATCH  _  2ll,638 

rrms  wot  ircltoep 

Interior  partitions 

Mechanical  and  electrical  equlpoent 


Air  lock*  and  decontamination  facilities 


COST  ESTIVATE  -  EARTH  COVERED  RECTA ;XrLAR 


200  PSI  BUST  RESISTANT  STRUCTURE 


UNIT 


DESCRIPTION 

UNIT 

QUANTITT 

PRICE 

POST 

Earthvark 

1.  nachine  excavation 

C.T. 

529 

$  1.35 

$  71ii 

2.  hand  excavation 

C.T. 

106 

li.oo 

li2li 

3.  backfill 

C.T. 

55 

0.80 

lil* 

li.  gravel  fill 

C.T. 

36 

3.50 

126 

5.  earth  fill 

C.T. 

6,09U 

1.25 

7,618 

Concrete  Work 

1.  roof  slab 

C.T. 

176 

30.00 

5,280 

2.  roof  beaae 

C.T. 

330 

30.00 

9,900 

3.  eolumna 

C.T. 

20 

30.00 

600 

li.  valla  and  pilaatera 

C.T. 

592 

30.00 

17,760 

5.  floor  alab 

C.T. 

2li6 

30.00 

7,380 

6.  floor  batata 

C.T. 

290 

30.00 

8,700 

Pormrork 

I.  roof  alab 

S.F. 

2,192 

0.60 

1,315 

2 .  roof  beaaa 

S.P. 

2,151 

0.90 

1,93b 

3.  coltaana 

S.F. 

li86 

0.80 

389 

li.  valla  and  pilaateva 

S.P. 

12,181 

0.60 

7,309 

5 •  floor  alab 

S.F. 

660 

O.liO 

261 

6.  floor  beaaa 

S.P. 

liSli 

e.liO 

191 

Reinforcing 

1.  rode 

Tone 

197.90 

250.00 

li9,U75 

Structural  Steel 

1.  blaat  door  and  fraae 

Tone 

0.1i0 

l,li00.00 

560 

2.  exit  hatch  and  fraae 

Tone 

0.25 

l,li00.00 

350 

Carpentry  and  Hill  work 

1.  interior  door 

Ea. 

1 

lSo.oo 

150 

Daap  Proofing 

S.P. 

116.60 

0.10 

1,166 

A. 5.7 


COST  ESTIMATE  -  EARTH  GQVgtED  RECTMDPIAR 
200  PSI  BLAST  RESISTANT  STRUCTDRB 


cost 

TOTAL  SPM  121#65U 

PROFIT,  OVERHEAD  AMD  CONTI NO KMCIZS  (iff)  30,1*11* 

TOTAL  COST  152,068 

COST  OF  PRIMARY  STRUCTURE  112,985 

COST  OF  ENTRANCE  AND  EXIT  HATC8  39,083 

ITEMS  WOT  INCLUDED 

Interior  partition* 

Mechanical  and  electrical  equipeent 
Air  locks  and  deoontailnatlon  facilities 


i.5.8 


COST  ESTIMATE  -  EARTH  COTCTED  DOUBLE  BARREL  ARCH 


$0  PSI  BUST  RESISTANT  STRUCTURE 


OH IT 


DESCRIPTION 

MI 

quaktiti 

PRICE 

CCSI 

Earthwork 

1.  machine  excavation 

C.Y. 

538 

•  1.35 

1  726 

2.  backfill 

c.r. 

1*2 

0.80 

3U 

3*  gravel  fill 

C.T. 

80 

3.50 

280 

1*.  earth  fill 

c.r. 

1,836 

1.25 

6,01*5 

Concrete  Wart 

1.  arch  (  l*5°pour) 

C.T. 

63 

30 .00 

1,890 

2.  arch  (  15° pour) 

C.T. 

21*7 

30.00 

1*,1*20 

3*  roof  slab 

C.T. 

23 

30.00 

690 

l*.  valla 

C.I. 

222 

30.00 

6,660 

5.  floor  slab 

C.T. 

UU 0 

30.00 

n,2oo 

Porarork 

1.  arch  (  h5°pour) 

S.F. 

3,6co 

1.25 

1*,500 

ii,5oo 

2.  arch  (  l*5°pour) 

S.P. 

3,600 

1.25 

3.  roof  slab 

S.P. 

631 

0.60 

379 

1*.  valla 

S.P. 

6,775 

0.60 

1*,065 

5.  floor  slab 

S.P. 

982 

o.l*o 

393 

Reinforcing 

1*  rode 

Tons 

110.10 

250.00 

27,525 

Structural  Steel 

1.  blast  door  and  frame 

Tons 

0.30 

1,  loo  .00 

1*20 

2.  exit  batch  and  frame 

Tons 

0.15 

1,1*00.00 

210 

Carpentry  and  Millvork 

1.  interior  dcor 

Ea. 

1 

150.00 

150 

Dam;  Proofing 

S.F. 

10,650 

0.10 

1,C65 

COST  ESTIMATE  -  BARTH  OPVHIED  DOUBLE  BARRS.  ARCH 
SO  PSI  BUST  RgSBSTAMT  STOPCTORE 


COST 

TOTAL  SOM  177,11*5 

PROFIT.  OVERHEAD  AMD  COMIHOBTOIP  (2 SO  19,286 

TOTAL  COST  96,1*31 

COST  OF  PRIMARY  STRUCTURE  76,813 

POST  OF  BNTRAMCE  AND  EXIT  HATCH  19,618 

ITEMS  WOT  INCLUDED 

In  tar  lor  partition* 

Mac ban leal  and  alectrloal  aquijBsnt 


Air  looks  and  doe  ontmlnati on  facilities 


A. 6.2 


COST  ESTIMATE  -  EARTH  COVERED  CONCRETE  DOM 


50  P8I  BUST  RESISTANT  STRUCTURE 


DESCRIPTION 


Earthwork 

T»  pSrTiTrv*  «Ti*»T»t.lnn 

2.  backfill 

3.  gravel  fill 
It.  aarth  fill 

Ooncrete  Work 
XT  dona  (  hy poor) 

2.  done  (  l*5°potxr) 

3.  roof  alab 
U.  walla 

5*  floor  alab 

Fornrork 

II  3aia  (  l*5°pour) 
2.  daw  (  l*5°poyr) 
3*  roof  alab 
l*.  walla 
5.  floor  alab 


Rainforcing 
H  rode 

2.  wira  neah  (66-33) 


Structural  Steal 
1*  blaat  door  and  fraaa 
2.  exit  hatch  and  fraaa 


Carpentry  and  Mi llirork 
1*  interior  door 

Daap Proofing 


UNIT 


UNU 

QUANTITY 

PRICE 

COST 

T.Y. 

on 

1  1*35 

$  12? 

c.ii 

IS 

0.80 

12 

C.I. 

12 

3.50 

1*2 

C.T. 

1,075 

1.25 

1,3U* 

C.I. 

12 

30.00 

360 

C.T. 

3 

30.00 

90 

C.I. 

19 

30.00 

570 

C.I. 

109 

30.00 

3,270 

C.I. 

75 

30.00 

2,250 

S.F. 

1,103 

1.25 

1,766 

S.P. 

288 

1*25 

360 

S.F. 

1*88 

0.60 

293 

S.F. 

UJU03 

0.60 

2,61*2 

S.F. 

Ia02 

0.1*0 

161 

Tona 

13.00 

250.00 

U,700 

Sq. 

3.0 

e.5o 

26 

Tona 

0.30 

1,1*00.00 

1*20 

Tona 

0.15 

1,100.00 

210 

Ea. 

1 

150.00 

150 

S.F. 

3,950 

O.lc 

395 

A. 7.1 


COST  ESTIMATE  -  EARTH  COVERED  CGNCR^TB  DCH£ 


$ 0  PSI  nULST  RESISTANT  STRUCTURE 

COST 

TOTAL  SUM  $  19,183 

PROFIT,  OVERHEAD  AND  CONTINGENCIES  (?<*)  - r - !*,796 

TOTAL  COST  23,979 

COST  OF  PRIMARY  STRUCTURE  7,379 

cost  of  arnuxz  a:«T'  exit  ^katctt  16,600 

ITEMS  ROT  INCLUDED 

Interior  partitions 

Mechanical  and  electrical  equipment 

Air  locks  and  decent an ination  facilities 


COST  ESTIMATE  -  EARTH  COVERED  ODNCR^TE  DCKE 


ICO  PSI  BUST  RESISTANT  S1RU CfiJRE 


ESSCftlPTICM 

UNIT 

Earthwork 

1.  machine  excavation 

C.Y. 

2.  backfill 

C.T. 

3.  gravel  fill 

C.Y. 

l*.  earth  fill 

C.Y. 

Concrete  Work 

I.  dose  l  l53po;sr) 

C.Y. 

2.  done  (  i*5°pour) 

C.Y. 

3*  roof  alab 

C.Y. 

1*.  eelle 

C.Y. 

5.  floor  alab 

C.Y. 

Formwork 

TT  555  (  l*5°pour) 

S.F. 

2.  dcBM  (  l*5°pot2r) 

S.F. 

3.  roof  alab 

S.F. 

1*.  walla 

S.F. 

5.  floor  alab 

S.F. 

Reinforcing 

I.  rode 

Tona 

2.  vire  aeah  (66-33) 

Sq. 

Structural  Steel 

TI  bleat  door  and  fraaa 

Tona 

2.  exit  hatch  and  fra.  j 

Tona 

Carpentry  and  Kill  work 

1.  Interior  door 

Ea. 

Deep  Proofing 

S.F. 

UNIT 


QUANTITY 

PRICE 

COST 

128 

$  1.35 

$  173 

21 

0.80 

17 

12 

3.50 

1*2 

1,170 

1.25 

1,1*63 

12 

30.00 

36o 

3 

30.00 

90 

28 

30.00 

81*0 

133 

30.00 

3,990 

107 

30.00 

3,210 

1,1*13 

1.25 

1,766 

288 

1.25 

360 

0.60 

293 

li,610 

0.60 

2,766 

579 

o.to 

232 

26 .60 

250.00 

6,650 

3.0 

8.50 

26 

0.30 

1,1*00.00 

1*20 

0.20 

l,ii00.00 

260 

1 

150.00 

150 

1*,U*0 

0.10 

1*12* 

A. 7.3 


POST  E3TIMLH  -  EARTH  COVERS)  CONCRETE  DPMI 


ICO  PSI  BUST  RESISTANT  STRUCTURE 


TOTAL 

PROFIT.  OVERHEAD  AMD  CONTINGENCIES  (25%) 
TOTAL  COST 

COST  OF  PRIM-ART  STRUCTURE 
COST  OF  FNTRANCE  AND  KHT  HATCH 


I  TEES  WOT  INCICrSD 

Interior  partition* 

Mechanical  and  alaetrieal  equipment 
Air  lock*  and  decontamination  faeilitie* 


COST 

23,51*2 

f  o at 

uuv 

29,1*26 

9,028 

20,1400 


A. 7.1* 


OOCT  irfST-itATS  —  uAft'I1"  00’<rV3\iJi"i  ."»*  *«wT^STiS 


/ 


<■00  Pol  t.iiACT  ruSIOTA. i7  ST70 ■  CT* ~rw 


ascRiprioH 

UlITT 

Earthwork 

1.  aachina  axoavatico 

C.I. 

2.  backfill 

C.T. 

3.  graral  fill 

C.I. 

1*.  aarth  fill 

C.I. 

Concrsta  Work 

!•  dona  P  1*5° poor) 

C.I. 

2.  dova  (  -  !i5°pour) 

C.I. 

3*  root  slab 

C.I. 

It.  valla 

C.T. 

5.  floor  slab 

C.I. 

Fonavork 

TT~BS5  (' lt$°poor) 

S.F. 

2.  <kmm  ( -*  l*5°poar) 

S.F, 

3*  roof  slab 

S.F. 

lu  valla 

S.F. 

5.  floor  alab 

S.F. 

Rainforcing 

I.  rodLa 

Tcoa 

2.  vlra  mash  (l*l*-l*l*) 

3q. 

Structural  Staal 

1.  blaat  door  and  f ram 

Tooa 

2.  axlt  hatch  and  fraaa 

Tona 

Carparrtrr  and  Hillvork 

1.  iniarlor  door 

Ba. 

Davp  Proofing 

S.F. 

TWIT 


OCrfflTI 

met 

COST 

206 

$  1.35 

$  281 

31 

0.80 

25 

12 

3.50 

1*2 

1,383 

1.25 

1,729 

12 

30.00 

360 

h 

30.00 

120 

Ifi 

30.00 

1,200 

21 9 

30.00 

6,570 

176 

30.00 

5,280 

1,103 

1.25 

1,766 

266 

1.25 

360 

567 

0.60 

31*0 

5,01 5 

0.60 

3,009 

851t 

0.l|0 

31*2 

51.30 

250.00 

12,825 

3.0 

10.63 

32 

O.iiO 

1,1,00.00 

560 

0.2$ 

1,1*00.00 

35o 

1 

i5o.oo 

150 

U,660 

0.10 

666 

A.7.5 


COST  liSTIKATR 


'VftTP  COVER2D  C<*,C?.2T£  DOt'JB 


200  °SI  BLAST  TLSSTST/OT  STlV^rn.TRl’S 


COST 

total  sum  $  35,807 

r-p.a-'iT,  jvsaPLAS  a::d  conti^guncios  (2^)  8,952 

TOTAL  COS?  iiii#759 

COST  OP'  PTLiUtY  STRUCTURE  11,912 

cost  op  smiAwcs  and  £irr  hatch  32,81*6 

ITE^  NC?  INJLUOIl? 

Interior  partitions 

Mechanical  and  electrical  equipnent 


A  a*  locks  and  decontanination  facilities 


COST  jgrgUTS  -  BORIP  MCTAXO OLM 


50  PSI  BI4JT 


E33SS3L  top 


larthvoric 

17  aaokina  axsaratlan  C.T. 

2.  hand  csocraticn  C.T. 

3.  baokfiU  C.I. 

4*  pml  fill  C.T. 

Coocrat*  Wogjc 
17  roof  slab  C.T* 

2*  roof  buu  C.T. 

!  3.  aoltma  C.T. 

i  4*  mlla  k  pilarUra  C.T. 

5*  fl aor  slab  C.T. 

6.  footings  C.T. 

7.  atnlra  (on  grada)  C.T. 


Fwrort 

1.  roof  alab 

2.  roof  buM 

3.  ooltama 

4.  valla  &  pilaatarv 

5.  footing* 

6.  ataira  (on  grad*) 

Reinforcing 
17 '  rod*  tfona 

4.  vlra  a»*h  (66-14)  J3q. 

Street or *1  Stool 

1.  blact  door  and  fraaa  Ton a 

2.  axlt  hatch  and  fra no  Ton* 

Carpentry  and  MUlvork 
T7  interior  door  2i« 

i  Water  Preoflry 

!  T7  5  ply  ictnM  S.F. 


EPISTUff  3TRDCnTRI 


UI33P 


QDOfTITT 

FCCI 

3.263 

*  1.3 St 

337 

4*oo 

1,820 

0.80 

60 

3.50 

£ 

30.00 

30.00 

8 

30.00 

191 

ycM 

66 

30.00 

m 

30.00 

?r 

30.00 

36 

0*60 

0.90 

305 

0.80 

7.63# 

0.60 

l,4io 

0.40 

60 

0.80 

78.00 

2$C.OO 

32 

8.64 

0.40 

1,400.00 

0.35 

1,400.00 

1 

150.00 

8,500 

0.40 

a.  f» 
a.  1, 
s.  7. 
s.  r. 

S.  F. 
S.  ft 


0C3T 


4,432 

1*348 

1,156 

230 


2,460 

WOO 

240 

5,7}0 

1,960 

6,750 

230 


1,339 

1,512 

244 

4,580 

564 

64 


19,500 

276 


560 

210 


150 

3,400 


A.8.1 


cost  grain  -  buried  rbctawoplar 


$0  PSI  BUL3T  RB3IOTACT  3TRJTCTURS 


COST 

TOTAL  SIM  |  60,51$ 

PBOTIT,  OVERHEAD  AND  C(HTIM)BNCIE3  (2fl)  15,12J* 

total  coot  75,639 

COOT  OT  PHLXAKI  OTKUCTTTRE  65,01*2 

coot  or  ptcrahcs  Ago  sqt  hatch  10,597 


1TBO  HOT  mCLTOH) 

Interior  partition® 

Mechanical  and  electrical  equipoont 
Air  locks  and  deoontanl nation  facilities 


COST  PTD4ATI  -  BURIED  RECTANGULAR 


100  PSI  BUST  RESISTANT  STRUCTURE 


UNIT 


DESCRIPTION 

UNIT 

QUANTITT 

PRICE 

COST 

Earthwork 

1.  aachlne  axcaraticn 

C.T 

.  3,522 

$  1.35 

$  1*,  755 

2.  hand  excavation 

C.T, 

.  71 

li.OO 

28 1* 

3.  backfill 

c.r, 

.  l,Ji32 

0.80 

1,11*6 

iu  gravel  fill 

C.T, 

.  39 

3.50 

137 

Concrete  Work 

1.  roof  slab 

c.r, 

.  127 

30.00 

3,810 

2.  roof  bean? 

C.T, 

.  197 

30.00 

5,910 

3.  coluans 

C.T, 

.  9 

36.00 

:i70 

li»  walls  4  pllastars 

C.T, 

.  3U6 

30.00 

10,380 

5.  floor  slab 

C.T, 

.  138 

30.00 

U,U*o 

6.  floor  beans 

C.T, 

.  170 

30.00 

5,100 

7*  stairs  (on  grade) 

C.T, 

.  9 

30.00 

270 

Forwwork 

1#  roof  slab 

S.F 

.  2,086 

0.60 

1,252 

2«  roof  beaas 

S.F 

.  2,009 

0.90 

1,808 

3.  ooltnms 

S.F, 

.  321* 

0.80 

259 

U.  walls  4  pilasters 

S.F 

9,61*7 

0.60 

5,788 

5.  floor  baaas 

S.F 

.  839 

0.1*0 

336 

6.  stairs  (on  grads) 

S.F, 

.  80 

0.80 

61* 

Reinforcing 

1.  rods 

Toni 

■  9U.70 

290.00 

23,675 

Structural  Steel 

l«  'blast  door  and  fraas  Toni 
2*  exit  hatch  and  fraas  Tonli 

i 

s  0.95 

1,1*00.00 

1,330 

4  0.20 

1,1*00.00 

280 

Carpentry  and  Hlllwork 
1.  interior  door 

Ea. 

1 

150.00 

150 

Water  Proofing 

1.  5  ply  oeebrane 

S.F 

.  9,81*9 

0.1*0 

3,91*0 

COST  ESTIMATE  -  BURIED  RECTANGULAR 
100  PSI  DUST  RESIST AUT  STRUCTURE 


COST 

TOTAL  SUH 

$  75.0CU 

PROFIT,  OVERHEAD  AND  CONTINGENCIES  (2ft) 

18,771 

TOTAL  COST 

93,855 

COST  OF  PR2KART  STRUCTURE 

77,751 

COST  CP  ENTRANCE  AND  EXIT  HATCH 

16,101* 

ITEMS  MOT  INCLUDED 

Interior  partitions 

Esohaniaal  and  alaotrloal  squipaent 

Air  looks  and  dsoontsadnatlon  facilities 


A.8.U 


COST  ESTIMATE  -  BURIED  RECTAfCl'IAR 
200  PSI  BLAST  RESISTANT  STRUCTURE 


DESCRIPTION 

UNIT 

Bwthvark 

1.  machine  excavation 

C.Y. 

2.  hand  excavation 

c.r. 

3.  backfill 

C.Y. 

1 .  gravel  fill 

C.Y. 

Concrete  Work 

I.  roof  alab 

C.Y. 

2.  roof  beams 

C.Y. 

3 .  columns 

C.Y. 

It*  valla  It  pliaaters 

C.Y. 

5.  floor  alab 

C.Y. 

6.  floor  beams 

.  C.Y. 

7.  staira  (on  grade) 

C.Y. 

Formwork 

I.  roof  alab 

S.F. 

2.  roof  beams 

S.F. 

3*  colvnna 

S.F. 

it.  valla  L  pilasters 

S.F. 

5  *  floor  beams 

S.F. 

6.  stairs  (on  grade) 

S.F. 

Reinforcing 

1*  rods 

Tons 

Structural  Steel 

1.  blast  door  and  frame 

Tons 

2.  exit  hatch  and  frame 

Tons 

Carpentry  and  Hilly  or  k 

I.  interior  door 

Ea. 

Water  Proofing 

TI  5  ply  mes»r im  S.F. 


UitIT 


QUANTITY 

PRICE 

COST 

3,66c 

$  1.35 

$  1,911 

100 

1.00 

loo 

1,229 

0.80 

983 

35 

3.5c 

123 

150 

30.00 

1,500 

2  11 

30.00 

7,320 

20 

30.00 

600 

150 

30. 00 

13,500 

117 

30.00 

1,110 

211 

X.00 

6,120 

10 

30.00 

300 

1,769 

0.60 

1,061 

2,151 

0.90 

1,936 

5it7 

0.80 

138 

10,366 

0.60 

6,220 

l,0it2 

O.liO 

117 

80 

0.80 

61 

172.20 

250.00 

13,050 

2.00 

1,1*00.00 

2,800 

0.25 

1,100.00 

350 

1 

150.00 

150 

9,915 

0.10 

3,966 

A.8.5 


COST  ESTIMATE  -  BURIED  RECTA,  fCVLAR 
?QO  PSI  BUST  RESISTANT  STRUCTURE 

TOTAL  SUM 

PROFIT,  OVERHEAD  A  HD  OONTIHOBICIES  (250 
TOTAL  COST 

COST  OF  PRIMARY  STRDCTORK 
POST  OF  ENTRAMCE  AMD  EXIT  BATCH 

ITEMS  WOT  INCLOSED 

later  lor  partitions 

Mechanical  and  electrical  e^aipnent 

Air  locks  and  decontamination  facilitiaa 


COST 
$  103,81*9 
55,96* 
029,811 
106,19b 
23,617 


A  *8 ,6 


COST  ESTIKATE  -  BURIED  DOUL-i£  BARREL  ARCH 


50  PSI  BLAST  RESISTANT  STKU CTURE 


UNIT 


DESCRIPTION 

UNIT 

OUA  NTITY 

PRICE 

COST 

Earthwork 

1.  mobint  excavation 

C.T. 

1*,1*81* 

$  1.35 

1  6,053 

2.  hand  excavation 

C.T. 

136 

It  .00 

1,71*1* 

3*  backfill 

C.Y. 

3*065 

0.80 

2,1*52 

1*.  gravel  fill 

C.I. 

62 

3.50 

217 

Concrete  Work 

1*  arch  (  li5°i>our) 

C.T. 

U* 

30.00 

1,320 

2.  arch  (  l*5°pour) 

C.T. 

85 

30.00 

2,550 

3*  roof  slab 

C.T. 

10 

30.00 

300 

1*.  valla 

C.T. 

171* 

30.00 

5,220 

5.  floor  alab 

C.T. 

75 

30.00 

2,250 

6.  footinga 

C.T. 

29ii 

3C.00 

8,820 

7*  atalra  (on  grade) 

C.T. 

8 

30.00 

21*0 

T  earmark 

it  arch  (  l*5°powr) 

S.F. 

3,576 

1.25 

1*,1*70 

2*  arch  (  2*5°poixr) 

9.F. 

3,325 

1.25 

1,156 

3.  roof  alab 

S.F. 

280 

0.60 

168 

l*.  valla 

8.F. 

6,256 

0.60 

3,751* 

5.  footlnga 

S.F. 

152* 

o.ko 

62 

6.  atalra  (on  grade) 

S.F. 

'to 

0.80 

61* 

Reinforcinr 

1«  rode 

Tone 

62.30 

250.00 

15,575 

2.  vire  naah  (66-1*1*) 

sq. 

35.2 

8.61* 

XU 

Structural  Steal 

1,  bleat  door  and  tram 

Tone 

0.1*0 

1,1*00.00 

560 

2.  exit  hatch  and  tram 

Tone 

0.15 

1,1*00.00 

210 

Carpentry  and  Millwork 

1.  Interior  door 

Ea. 

1 

150.00 

150 

Water  Proofing 

1.  5  ply  Bvbraaa 

S.F. 

7,730 

0.1*0 

3,092 

▲  •9.1 


COST  ESTIMATE  -  BURIED  DOABLE  BARREL  ARCH 
50  PS  I  BUST  RESISTANT  STRUCTURE 


TOTAL  BUM 


mom 


EH35ZS3 


TOTAL  COST 


POST  OF  HUMAHT  STRUCTURE 
COST  Of  BIBUECE  iff  SOT  BATCH 


006T 
•  63,731 
15,933 
79,661* 
65,893 
13,771 


BO  MOT  IHOOMP 

lAtorior  psrtltloof 

Moehsxdoal  and  olootrlosl  oquipmont 

Air  locks  and  doeonttBi&fttion  fseilltlos 


A.9.2 


POST  ESTIMATE  -  BURIES  CONCRETE  DOW 
50  PSI  BLAST  RSSIf TANT  STRUCTURE 


DESCRIPTION  UNIT 


larthvork 

1.  oachina  exeavatio n  C.Y. 

2.  hand  excavation  C.Y. 

3.  backfill  C.Y. 

1*.  gravel  fill  C.Y. 

Core  ret*  Work 

T[  (ioae  (  1*5°  pour)  C.I. 

2.  dona  (  1*5°  pour)  C.I. 

3.  roof  flab  C.I. 

1*.  valla  C.I. 

5.  floor  slab  C.I. 

6.  footings  C.Y. 

7.  at  airs  (on  grade)  C.Y. 

Forwvork 

1'.  done  (  1*5°  pour)  S.F. 

?.  dome  (  1*5°  pour)  S.F. 

3.  roof  slab  S.F. 

1*.  valla  S.F. 

5.  footings  S.F. 

6,  stairs  (on  grads)  S.F. 

Reinforcing 

1.  rods  Tons 

2.  vLre  nesh  (66-1*1*)  Sq. 

(66-33)  Sq. 

(33-22)  Sq. 

Structural  Steel 

IT  blest  door  and  frans  Tons 

2.  exit  hatch  and  fra*w  Tons 

Carpentry  and  Mill vortc 
1.  interior  door  &a. 

Water  Proofing 

5  piy  membrane  S.F, 


WIT 


QUANTITY 

PRICE 

COST 

1,082 

•  1.35 

$  1,1*61 

33 

L.OO 

132 

751 

0.80 

601 

9 

3.50 

32 

12 

30.00 

360 

3 

30.00 

90 

10 

30.00 

300 

68 

30.00 

2,61*0 

a 

30.00 

630 

1*6 

30.00 

1,380 

8 

30.00 

21*0 

1,1*13 

1.25 

1,766 

286 

1.25 

360 

283 

0.60 

170 

2,872 

0.60 

1,723 

1*8  5 

o  .bo 

19U 

80 

0.80 

61* 

12.10 

250.00 

3,025 

i*.9 

8.61 

1*2 

3.0 

8.50 

26 

7.5 

19.85 

11*9 

0,1*0 

1,1*00.  X 

560 

0.15 

1,1*00.00 

210 

1 

150.x 

150 

3,065 

O.LO 

1,226 

A.10.1 


POST  ESTIMATE  -  BURISD  CONCRSTg  DOME 


50  P6I  BLAST  RSSIfTAN?  STgUCWRB 


006T 

total  sm  $  17,530 

PROFIT.  OVERHEAD  AND  CONTINOBfCISS  (2 5X)  L,383 

TOTAL  COST  21,913 

COST  OF  PRIM ART  STRUCTURE  8,569 

POST  OF  ENTRANCE  AND  MIT  HATCH  13,3U* 

ITEMS  WOT  DELUDED 

Interior  partition* 

Mechanic*!  and  ala  Ctrl  c*l  equipment 


Air  locks  and  decontamination  facilities 


COST  ESTIMATE  -  BURIED  CONCRETE  DOC 


100  PSI  BLAST  RESIST  ART  STRUCTURE 


DESCRIPTION 
Earthwork 

17  '■achine  execration 

2.  backfill 

3.  grarel  fill 

Concrete  Work 

ns  ( 

2.  tom  ( 

3.  roof  dab 
U.  valla 

5.  floor  alab 

6,  ataira  (on 

Fornork 

1.  dona  ( 

2.  doM  ( 

3.  roof  alab 
I*.  valla 

5.  floor  alab 

6.  ataira  (on 

Reinforcing 
17  roda 
2.  vlra  aaah  (66-33) 
(33-22) 

Structural  Steal 
T7  bleat  door  and  fraae 
2.  exit  hatch  and  trm» 

Carpentry  and  Millvoric 
T7  interior  door 

Water  Proofing 
IT  £  ply  ■eebrane 


1*5°  pour) 
1*5°  pour) 

grade) 

1*5°  pour) 
1*5°  pour) 

grade) 


□rrr 


ESI 

QUAXHTT 

PRICE 

C08T 

C.I. 

965 

$  1.35 

e  1,303 

C.I. 

571* 

0.80 

1*59 

C.I. 

12 

3.50 

U2 

C.I, 

12 

30.00 

360 

C.I. 

3 

30.00 

90 

C.I. 

Hi 

30.00 

1*20 

C.I. 

127 

30.00 

3,810 

C.I. 

75 

30.00 

2,250 

C.I. 

10 

30.00 

300 

S.F. 

1,10.3 

1.25 

1,766 

8.F. 

288 

1.25 

360 

8.F. 

257 

0.6 

151* 

S.F. 

1*,0® 

0.60 

2,1*12 

S.F . 

178 

0.1j0 

71 

S.F. 

86 

0.80 

69 

Tone 

19.55 

250.00 

1*,888 

8q. 

3.0 

8.50 

26 

8q. 

7.5 

19.85 

11*9 

Tone 

0.95 

1,1j00.00 

1,330 

Tone 

0.20 

1,1*00.00 

280 

Ea. 

1 

150.00 

150 

S.F. 

2,937 

OJiO 

A.10.3 


COST  ESTIMATE  -  BURCJ  CONCRETE  DOC 
100  PSI  BLAST  RESISTANT  STRUCTURE 


Interior  partitions 

Mechanical  and  electrical  equipment 

Air  locks  and  decontamination  fae 111 ties 


COST 

$  22,031 
5,508 
27,539 
9,051 
18,188 


A.IO.li 


COST  ESTIMATE  -  BTTRTPa  C0WCH1T8  tog 
2QQ  P3I  BLAST  REST  STANT  STRUCTURE 


KSEBUnz. 

mi 

QPAJfUTT 

ViU  1 

PRICE 

COST 

Earthwork 

1.  aaehin*  excaration 

2.  baekfill 

3.  graral  fill 

C.T. 

c.r. 

C.I. 

1,015 

U75 

12 

$  1.35 
0.80 
3.50 

•  1,370 
380 
1*2 

Ccncrste  Work 

1«  4am  {  1*5°  pour) 

2.  doM  (  IjJp  pour) 

3*  roof  alab 

1*.  vail* 

5.  floor  «1*>* 

6,  *tair*  (  grad*) 

c.r. 

C.I. 

c.r. 

c.r. 

C.T. 

C.T. 

12 

1* 

19 

165 

103 

10 

30.00 

30.00 

30.00 

30.00 

30.00 

30.00 

360 

120 

570 

1*,950 

3,090 

300 

Fomork 

I*  355i  (  1*5°  pour) 

2*  don*  (  U5°  pour) 

3.  roof  slab 
l».  vails 

5*  floor  slab 

6,  stair*  (on  grad*) 

S.F. 

S.F. 

S.F. 

S.K. 

S.F. 

S.F. 

1,1*13 

288 

219 

3,525 

267 

80 

1.25 

1.25 

0.60 

0.60 

O.UJ 

0.80 

1,766 

360 

131 

2,U5 

107 

61* 

Reinforcing 

1,  rod* 

2.  vlr*  as ah  (66-22) 

(33-00) 

Tons 

Sq. 

Sq. 

29.00 

3.0 

7.5 

250.00 

9.80 

27.06 

7,250 

29 

203 

Structural  Stool 

I,  blact  door  and  frave 
?•  aadLt  hatch  and  fram 

Tons 

Tons 

2.oo  i,uoo.no 
0.251,1*00.00 

2,800 

350 

Carpentry  and  Kill  work 

1.  interior  door 

Ea. 

l 

150.00 

150 

Water  Proofing 

1*  5  ply  neabrane 

S.F. 

3,005 

0.1*0 

1,202 

A.10.5 


OUST  ESTIMATE  -  BURIED  CONCRETE  DOW 


200  P6I  BLAST-  RESISTANT  STRUCTURE 


COST 


TOTAL  SUK 

•  27,709 

PROFIT.  C7SHHSAD  AND  COW  URGENCIES  (2 5t) 

6,927 

TOTAL  COST 

31,637 

COST  OF  PRIMARY  STRUCTURE 

11,013 

COST  OF  ENTRANCE  AND  EXIT  HATCH 

23,621* 

ITEMS  WOT  INCLUDED 

Interior  partitions 

Maehanical  and  alaotrleal  aquip—nt. 

Air  locks  and  dacontaaination  facilitias 


COST  ESTIMATE  -  BURIiD  CONCRETE  IGLOO 


$0  P9I  BUST  RESISTANCE  STRUCTURE 


description 


Earthwork 

1.  nacEIne  excaration 

2.  backfill 

3.  gravel  fill 

Concrete  Work 
TT  arch  l  lt5°ponr) 

2.  arch  (  lt5cponr) 

3.  roof  ■  lab 
It.  walla 
5*  floor  slab 
6.  stairs  (on  grade) 

Fanswork 

1.  arch  (  Jt5®poor) 

2.  arch  (  U5°pour) 

3*  roof  slab 
it.  falls 
5*  floor  slab 
6.  stairs  (on  grade) 

Reinforcing 
TI  rods 

Struct oral  Steel 

1.  blast  door  and  fraa* 

2.  exit  batoh  door  and  Tr 


gTSfet1 


lr  mivork 


Utter 

t: 


rpij 


UNIT 

UNIT 

CUAUTITY 

RICE 

COST 

C.Y. 

2,lCit  $ 

1.35 

*2,81tO 

C.Y. 

1,066 

0.80 

852 

C.Y. 

36 

3.50 

126 

C.Y. 

31 

30.00 

930 

C.Y. 

31 

30.00 

930 

C.Y. 

10 

30.00 

300 

C.Y. 

113 

30.00 

3,390 

C.Y. 

202 

30.00 

6,060 

C.Y. 

8 

30*00 

I 

2it0 

5.F. 

2,2t80 

i 

1  1.25 

3,100 

S.F. 

l,2it0 

!  1.25 

l,55o 

s.r. 

272 

0.60 

163 

8.7. 

3,615 

0.60 

2,289 

S.F. 

622 

0«ho 

2it9 

S.F. 

80 

0.80 

6it 

Tons 

37.70 

250 .00 

9  MS 

Tons 

OJtO  l.boo.oo 

560 

Tons 

0.15  i 

,,lt00.00 

210 

Si. 

1 

150.00 

15° 

SJ. 

5,050 

0.1t0 

2,020 

A.  U.1 


GOST  ESTIMATE  -  BURIED  C0MCR2TE  IDLOC 


50  PSI  BUST  RESISTANCE  STRUCTURE 


COST 

TOTAL  SUM  35,Wi8 

PROFIT,  OVERHEAD  AND  COWTIWOgCIB  (250  0,862 

TOTAL  COST  U*,300 

POST  OF  PRIMARY  STRUCTURE  33,300 

POST  OF  ENTRANCE  AID  BUT  HATCH  10,905 


ITPO  MOT  mCIIJDED 

Interior  pertitione 

Mechanical  and  electrical  equips  ant 

Hr  locks  and  decontamination  facilities 


1.11.2 


003T  ESTIMATE  -  BURIED  COfCRFfg  IQLOQ 
100  fgl  BLAST  RESISTANCE  STRUCTURE 


EESCRIPTION 

UNIT 

Earthwork 

1.  Machine  excavation 

C.T. 

2.  beekfill 

C.T. 

3.  gravel  fill 

C.I. 

Ooncrete  Work 

1*  arch  (  l*5°pour) 

c.r. 

2,  arch  (  i*5°pou r) 

C.T. 

3»  roof  alab 

C.T. 

It.  valla 

C.T. 

5*  floor  slab 

C.T. 

6.  ataira  (on  grade) 

C.T. 

Fontwork 

1.  arch  (  U5° poor) 

8.F. 

2*  arch  (  l*5°pour) 

8.F. 

3*  root  alab 

8.F. 

It.  walla 

8.F. 

5.  floor  alab 

8.F. 

6.  ataira  (on  grade) 

8  JT. 

Reinforcing 

TTrST o 

Tone 

Streetaral  Steel 

I.  llaat  door  and  fra ae 

Tone 

2.  exit  hatch  and  frane 

Tone 

Carpentry  and  Millwork 

1.  interior  door 

la. 

Water  proofing 

1.  *>  p V  fwaorana 

8.F. 

UNIT 


QUA  NUTT 

PRICE 

COST 

?,330 

#  1.35 

8  3,11*6 

1,198 

0.60 

952 

36 

3.50 

126 

31 

30.00 

930 

31 

30.00 

930 

lit 

30.00 

1*20 

137 

30.00 

It, HO 

261 

30.00 

7,830 

1C 

30.00 

300 

2,560 

1.25 

3,200 

1,280 

1.25 

1,600 

21*9 

0.60 

li*9 

it, 710 

0.60 

2,826 

616 

0.1*0 

21*6 

83 

0.80 

66 

51.90 

250.00 

13,725 

0.95 

1,100.00 

1,330 

0.20 

i,ifco.oo 

200 

1 

150.00 

150 

fc,995 

O.ltO 

1,998 

A .11.3 


/  fX»??  ESTIMATE  -  BUPIhT  COwCPITE  IC-LOO 

100  P5I  BLAST  RESISTANCE  SIKUCTPRE 

COST 

TOTiL  SOM  Ua,32i* 

WOnt.  OVERHEAD  AMD  CONTI  HQ  EX Cl  gS  (2$g)  -  11,079 

TOTAL  COST  55,393 

COST  OF  FKIMART  STRUCTURE  37,765 

POST  OF  gygANCK  AND  SET  HATCH  17,628 

IT»  MOT  I  MOPPED 


Interior  partition* 

Mechanical  and  electrical  equipment 
Air  look*  and  decontamination  facilities 


COS?  ■•STT'ATr  -  PURIST  CC  CRF7S  F.LO~ 


200  PSI  BLAST  RESISTANCE  STRUCTURE 


DESCRIPTION 

UNIT 

Earthwork 

r.  machine  excavation 

C.T. 

2.  backfill 

C.T. 

3.  gravel  fill 

C.T. 

Concrete  Work 

I.  arch  (  15upour) 

C.T. 

2.  arch  (  J,5°pour) 

C.T. 

3*  roof  slab 

C.T. 

h.  wall* 

C.T. 

5.  floor  slab 

C.T. 

6.  atair*  (on  grade) 

C.T. 

Formwork 

I.  arcK  (  hS°rwr) 

S.F. 

2.  areh  (  L5°pour) 

S.F. 

3 .  roof  slab 

S.F. 

It*.  wall* 

S.F. 

5.  floor  slab 

S.F. 

6.  stairs  (on  grads) 

S.F. 

Reinforcing 

I.  roc!* 

Tons 

Structural  Steel 

1.  blast  door  and  frame 

Tons 

2.  exit  hatch  and  frame 

Tons 

Carpentry  and  Millvork 

1.  interior  door 

Ea. 

Water  frooflng 

TH  5  ply  «saa£rane  s.F. 


UNIT 


QUaNTCTT 

ffilCE 

COST 

?,6?1 

$  1.35 

1  3,606 

909 

0.60 

727 

37 

3.50 

130 

1*2 

30.00 

1,260 

1*2 

30.00 

1,260 

19 

3o.oo 

570 

193 

30.00 

5,790 

1*1*1 

30.00 

13,230 

10 

30.00 

300 

2,1,80 

1.25 

3,100 

l,2Lo 

1.25 

1,550 

219 

0.60 

131 

1*,1*  35 

0.60 

2,61 

1,060 

0.1,0 

1*21* 

80 

0.80 

61, 

61*  .00 

250.00 

16,000 

2.00 

1,1*00.00 

2,800 

0.25 

1,1*00.00 

350 

1 

150.00 

150 

1*,880 

0.1*0 

1,952 

A. 11. 5 


COST  ESTIMATE  -  BURIED  CONCRETE  IQLOO 

'  *p 

200  FBI  DUST  RESISTANCE  STRUCTURE 


COST 

TOTAL  SUH  56,055 

fttOFIT.  OTTO  HEAD  AMD  COHTIEPEMCIB  (25 1)  Hi,OlU 

TOTAL  COST  70,069 

COST  OF  PRIMARY  STHJCTDEI  i*6,U52 

COST  OF  EXTRA! CS  AMD  BIT  HATCH  23,617 


vm  MOT  INCLUDED 

Interior  partition* 

Mechanical  and  electrical  equipment 
Air  locks  and  decontamination  facilities 


A.11.6 


APPafDIX  B  -  TRAM  5 '"'■NIC  FSbSURES  CN  ABOVU  CSC’JND  LAR7H  CG7FRnnj STRUCTURES 


B.l  INTRODUCTION 

This  appendix  is  concerned  with  the  calculation  of  nuclear 
blast  pressures  on  above-ground  earth  covered  structures,  such  as 
shown  in  Fig.  B.l  which  will  be  applicable  to  pressure  levala 
above  25  caig. 

Blast  loading  on  structures  may  be  divided  into  two  stages, 
i.e.,  the  diffraction  phase  and  the  enveloped  phase.  Wh«i  the 
pressure  at  the  rear  of  the  surface  attains  the  value  of  the 
pressure  in  the  blast  wave,  the  diffraction  prooess  nay  be  con¬ 
sidered  to  have  terminated,  and  subsequantly,  ateady  atate 
conditions  may  be  assumed  to  exist  until  the  pressures  have 

returned  to  the  ambient  value  prevailing  prior  to  the  arrival  of 

% 

the  blast  wave.  The  diffraction  phase  pressures  on  the  surface  of 
the  earth  cover  may  be  computed  by  conv«tional  methods  (Ref.  1), 
however  little  information  is  available  concerning  the  enveloped 
phase  pressures.  The  enveloped  phase  pressures  consist  of  the 
incident  pressures  plus  the  dynamic  pressures.  This  appendix 
presents  a  solution  for  obtaining  the  enveloped  phase  pressures 
on  wedge  shaped  earth  covers  similar  to  those  shcvn  in  Fig.  B.l. 
The  pressures  transmitted  through  the  earth  to  the  structure  may 
be  computed  by  methods  described  In  Reference  1  or  by  use  of  a 
Mohr’s  Circle  Solution.  The  results  are  compared  with  the  equiva¬ 
lent  circle  solution  given  In  Reference  1. 


3.1 


TABLE  B.l  SKOCK  WAVE  CK;RACTERIS7ICS,  25  PSIfl  TO  200  °SIO 


•hock  pressures,  osig 

25 

50 

100 

200 

Dynamic  pressure,  osig 

12.2 

Id 

123 

330 

Shock  velocity,  ft/see 

1756 

221 6 

2927 

3985 

Sound  velocity  behind  shock,  ft/sec 

1X9 

1147 

1681 

206k 

Particle  velocity  behind  shock,  ft/sec 

866 

1375 

2082 

3059 

Temperature  at  shock.  Deg.  Kelvin 

379 

167 

636 

968 

7  i 

Denelly  at  shock,  g  x  10  lbs/in^ 

871 

1161 

1576 

1895 

Mach  number  behind  shock 

0.66k 

0.951 

1.239 

1481 

Stagnation  pressure  behind  shock  osia 

53.5 

116 

29k 

766 

The  flow  and  the  structures  are  considered  two  dimensional. 
This  Is  conservative  with  respect  to  the  "res  s  urea  on  the  struc¬ 
ture.  The  effect  of  the  structures  being  finite  in  the  direction 
perpendicular  to  the  -lane  of  Fig.  B.l  Is  to  roc  face  somewhat  the 
pressures  near  the  ends  of  the  structure  as  compared  to  the  orea- 
sures  computed  In  the  following  paragraphs, 

B.2  0E3ERAI  FEATURES  OF  TH*  FLOW 

The  general  features  of  the  flow  depend  on  the  Mach  number 
of  the  given  conditions  behind  the  original  shock  ware.  The  Mach 
number  is  the  ratio  of  tha  particle  velocity  to  the  velocity  of 
sound.  Mien  all  parts  of  a  flow  hava  a  Mach  number  less  than  one 
the  flow  is  called  subsonic.  If  the  Mach  number  is  everywhere 
groater  than  one,  the  flow  is  called  supersonic*  If  tha  Mach 


B.3 


number  is  lass  than  one  in  some  places  and  greater  than  one  In 
other  parts  of  the  sane  flow,  it  is  called  transonic.  All  of  the 
combi nat  one  of  initial  flows  and  the  geometries  given,  fall  in 
the  transonic  range  for  which  both  experiments  and  theory  are, 
unfortunately,  relatively  scarce  and  comolex. 

In  the  subsonic  casa  the  usual  concent  of  pressure 
coefficients,  Cp,  to  be  multiplied  by  the  dynamic  nrosauro,  l/2pV*g 
are  aopllcable.  Coefficients  given  for  incompressible  flow  may  be 
bo  used  with  less  than  \%  error  far  Mach  numbers  from  sero  to  0.1. 
This  covers  the  range  intended  for  most  wind  load  coefficients, 
from  Mach  numbere  0.1  to  0.5  the  incompressible  pressure  coeffi¬ 
cients  may  be- used  if  first  multiplied  by  1  , 


This  is  the  Prandtl-Glauert  rule,  see  Ref.  2,  p.  139.  For  larger 
Mach  numbers,  more  elaborate  methods  must  be  used. 


FIG.  B.2  SUP5rS0NIC  FLOW 

In  the  supersonic  case  the  flow  pattern  is  illustrated 
in  Fig.  E.2.  On  hitting  the  corner  at  A,  tho  flow  forms  a  shock 


vm  which  turns  the  oncoming  flow  Abruptly,  so  It  is  parallel  to 
AB.  This  causes  a  pressure  rise.  At  B,  the  flow  roes  thru  a 
Prandtl-Meyar  expansion  fan  which  again  turns  the  flow,  this  tine 
with  a  pressure  reduction.  At  C  there  is  another  expansion  fan 
and  then  a  compression  shock  wart  ct  D  returning  the  flew  to  ita 
original  direction.  The  changes  of  creature  at  each  shock  and 
exoansion  can  be  conveniently  floured  using  Fig.  B.S  thru  3.11. 

The  pressure  is  relatively  constant  on  each  of  the  faces  AB,  9C 

f 

and  CD,  being  of  course  preateet  on  AB.  The  shock  at  A  is  called 
an  attached  shock  wave  because  it  starts  right  at  A.  As  the  Mach 
nuaber  decreases  toward  one,  there  will  be  a  certain  Mach  nuaber 
(Fig.  9.3)  at  which  the  attached  shock  will  no  longer  be  possible 
for  the  given  angle  0.  Below  this  Mach  nuaber  the  shock  wave  is 
detached  as  shown  in  Fig.  3.1*  and  the  flow  will  be  in  the  transonic 
range. 

Xh  the  transonic  flow  shown  in  Fig.  B.b,  the  flow  Is  tuner- 
sonic  throughout  except  for  the  eafcedded  subsonic  region  EFBA2. 

The  initial  flow  la  assutMd  supersonic,  l.e.,  M^l,  see  Ref.  3. 


FIO.  3.3  MAXIMUM  nZFi:  CTI^N  angle  fcr 
WHICH  THE  SHOCK  WAVE  WILL  PiMAlN 
ATTACHE?.  (REF.  5) 

As  the  initial  Kceh  number  decreases  to  1,  the  detached 
shock  in  Fif.  forms  further  ahead  of  point  A.  When  the 
Mach  number  falls  below  1,  the  tynical  situation  in  the  transonic 
ranre  is  a<*  shown  in 


F 


FIG.  3.1  TRAMF"KIC  ?!  OU  (v,  >1) 


3.6 


Fig.  B.5  with  one  supersonic  regions  embedded  ir.  ths  subsonic 
flow.  The  conditions  shown  soply  to  Mach  numbers  r,  t  too  close 
to  one.  As  the  Ksch  number  increases  and  aooroachei.  one,  the 
supersonic  region  grows  finally  covering  the  structure  from  B.  to 
D.  In  this  condition  there  would  be  a  shock  wave  starting  from  D 
as  in  Fig.  3.1i. 


FIG.  B.5  TRANSONIC  FLOW  (^<1) 

The  flows  shown  in  Figures  P.L  and  B.5  have  certain  features 
of  interest  in  common. In  both  cases  tbs  pressure  at  A  is  equal  to  the 
stagnation  nressure  of  the  3ui,sunic  flew  upstream  of  A.  At  B  the 
local  Mach  number  is  always  unity  at  the  start  of  the  expansion 
fan.  These  facts  have  been  established  experimentally  and  theore¬ 
tically,  see  Pef.  6. 
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Further ,  it  has  been  shown  that  the  oreseure  distribution 
on  the  face  AB  is  the  saae  for  a  wide  range  of  transonic  flows, 
for  s  pi van  an pie  6,  when  the  pressure  is  expressed  in  terms  of 
the  stagnation  oressure  rather  than  a  nr  assure  coefficient,  see 
Ref.  7,  p.  255.  These  facts  are  the  basis  for  the  following 
methods  used  in  computing  the  oressure  distribution  for  the  cases 
at  hand. 

3.3  METHOD  FOP  COMPUTATION  OF  PRK~JUR£S  IH  THE  TRAf ISONIC  ^AKOE 
B.3,1  Cases  In  Which  The  Initial  =10*  is  Supersonic. 

The  two  highest  oressure  shock  waves  of  100  nsi  and  200 
psi  shock  oressure  yield  an  initial  flow  which  is  supersonic  as 
shown  in  Table  B.l.  In  th  se  cases  the  conditions  shown  in  Fir.  1. 
B.h  anplv. 

The  first  computation  is  to  find  the  stagnation  nr e3 sure 
in  the  subsonic  region.  This  may  be  conveniently  done  using 
Fig.  B.9  and  B.9.  This  stagnation  oressure  at  noint  A,  (rig.  P.6) 
is  obtained  by  first  determining  the  supersonic  downstream 
oressure,  osi,  corresponding  to  the  freer.tream  Kach  number,  Mo  » 

Mp  from  Fig.  E .8  (using  y  -  l.l),  then  using  Fie.  3.9  to 
determine  the  pressure  at  A,  .  For  points  between  A  and  B, 
for  the  particular  angle  involved  (0  •  26.6°)  there  for  fortunately 
both  theory  end  experiments  available  giving  the  ratio  of  the 
pressure  at  any  noint  x  to  the  stagnation  pressure  which  occurs 
at  A.  These  ratios  are  ©lotted  in  Fig.  16  of  Ref.  5  and  are 
summarized  in  Table  B.2. 
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MACH  NUMBER  (M) 

Fig.  B.8  RATIO  OF  SUPERSONIC  STAGNATION  PRESSURE  TO  FREE  STREAM  PRESSURE  VS.  MACH.  NO. 


I - f  -  r  t  1  i  i  T 

1.0  1.2  1.4  1.6  1.8  2.0  2.2  2.4 

MACH  NUMBER  (M.) 

Fig.  B.9  STAGNATION  PRESSURE  RATIO  ACROSS  A  NORMAL 
PLANE  SHOCK  (psio) 
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HQ.  B.6  DEFINITION  OF  x  and  o 
It  trill  be  noted  that  the  experiments  and  theory  in  most 

of  the  references  deal  with  wedges  as  shown  in  Fig.  3.7.  The 
structures  considered  herein  are  effectively  one  half  of  the 
wedges  tested. 


FIG.  B.7  TTPICAL  ’./EDGE  PROFILE 


26.6° 


Pressures  at  x,  p 

TABLE  B.2  Pressure  at  A,  pg  for  0 


(From  Fig.  16  of  Raf.  (5)) 


■  — / . 

X 

-L. 

c 

pe 

0 

1 

0.1 

0.875 

0.2 

0.8L0 

0.3 

0.822 

0.1a 

0.793 

o.5 

0.772 

0.6 

0.7b  3 

0.7 

0.723 

0.8 

*  0.687 

0.9 

0.655 

1.0 

0.528 

The  tost  results  and  theory  available  are  concerned  primarily 
with  the  face  AB  which  is  the  aoet  hepvily  loaded  region  and  the 
relatively  precise  data  given  in  Table  B.2  is  applicable.  Unfor¬ 
tunately,  equally  precise  data  is  not  available  for  the  faces  BC 
and  CD,  On  the  basis  of  examination  of  test  results  and  of  the 
underlying  theory  the  following  procedure  is  suggested  as  conserva¬ 
tive  and  adequate,  though  lacking  the  same  precision  as  the  loads 
on  AB. 
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The  oressure  at  B,  on  the  BC  aide  of  the  earner  nay  be 

computed  by  assuming  there  Is  a  Prandtl-Meyer  expansion  fan 

starting  from  Mach  number  one  on  the  downstream  side  of  the 

corner  as  the  net  effect  on  an  over exp ansi on  and  compensating 

compression  at  the  corner.  This  pressure  may  be  obtained  by 

determining  the  Mach  number,  M2,  on  the  BC  side  of  the  earner 

0 

corresponding  to  the  deflection  angle  0  ■  26*6  from  Fig.  B.10 
and  then  entering  Fig.  B.8  with  this  value  to  obtain  the 
oressure,  P  •  Along  the  face  BC  there  mav  be  some  weak  or  even 
quite  strong  shock  waves  for  which  exact  data  is  not  available, 
but  their  effect  will  be  to  increase  the  pressure.  A  reasonable 
estimate  for  the  cases  being  considered  is  that  the  flow  is  re¬ 
turned  to  *he  oressure  of  the  original  supersonic  flow  uostream 
of  E  bv  the  time  the  corner  C  is  reached.  In  the  absence  of 
evacc  data  a  linear  distribution  of  oressure  between  B  and  C  is 
assumed. 

At  C,  the  oressure  on  the  downstream  side  may  be  estimated 
by  assuming  a  Prandtl-Meyer  expansion  fan  starting  from  thm  ftree 
stream  Mach  mmber.  Along  the  face  CD,  it  is  su  gested  that  the 
pressure  be  assumed  uniform  because  this  region  is  shielded  from 
the  influences  that  can  cause  oressure  rise  along  BC.  The 
pressure  on  CD  mav  be  obtained  from  Fig.  9,10  and  B.ll  as  follows 
(1)  enter  Fig.  9.10  with  free  stream  Mach  number  to  obtain  the 
Pradtl-Kever  angle,  fj,  (angle  thru  which  a  suoersonic  stream  is 
turned  to  expand  from  M  •  1  to  M>1),  (2)  add  to  the  deflection 


PRANTL- MEYER  FLOW  SOLUTION 
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MACH  NUMBER  (Mt) 

Fig.  B.IO  DEFLECTION  ANGLE  REQUIRED  TO  EXPAND  TO  A  GIVEN  MACH  NUMBER 
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angle  (26.6°  for  our  case)  to  obtain  the  Haeh  number  on  CD  using 
Fig.  9.10,  (3)  using  this  Mach  number  enter  Fig.  B.ll  to  obtain 
the  ratio  f/fl  where  p  Is  the  static  nresatre  on  face  CD  and  Pt 
la  the  total  nr as sure  downstream  of  C.  Since  there  are  only 
Ise’ntronlc  nroceases  between  A  and  0,  Pt  is  the  seme  as  at  A, 
compute  p  from  the  ratio  p/P t. 

B.3.2  Cases  In  kfrlch  The  Tr1tisl  Flow  Is  Subsonic 

The  shock  waves  of  25  and  50  -si  in  Table  1  have  original 
Mach  numbers  less  than  one.  In  these  cases,  the  oreasu re  at  A 
is  the  stagnation  oreasure  given  in  Table  P.l  and  is  obtained 
from  Fig.-  3.3  only  bv  entering  the  figure  with  the  free  Stream 
Mach  numbor  to  obtain  the  pressure  ratio. 

The  coefficients  given  It  Table  8.2  apply  for  the  region  AB 

,/ 

usinr  the  stagnation  pressure  as  given  Jn  Table  B.2  for  the  angle 
0  •  26.6°. 

The  pressure  on  the  downstream  side  of  B  is  com '-ted 
assuming  an  expansion  fan  from  Mach  number  one  and  mav  he  obtained 
from.  Fi;?.  6.9  and  6.10  for  $  *  26,6°  an  for  the  sup  or  sonic  case. 

A  linear  pressure  rise  is  assumed  from  6  to  C,  reaching  the  free 
stream  nressure  at  C. 

The  downstream  pressure  at  C  is  estimated  according  to 
♦here  be^nf?  a  separation  of  the  subsonic  flow  at  *he  comer  and 
with  the  heir  of  experimental  data  (P'f.  9),  Gimole  invisv'id 
theory  would  indicate  that,  the  flow  expands  to  zero  rressure  at 


the  corner  and  thereafter  re suae s  free  stream  velocity. 

However,  since  for  these  Mach  numbers  of  approacn  wo  an  edge 
of  such  a  large  angle  as  that  at  C  the  flow  separates,  viscous 
effects  can  not  be  ignored  (Ref.  0).  The  pertinent  data  in 
Rsf.  8  (page  28  for  station  12,  16)  applies  to  a  30°flap  de¬ 
flection  at  an  angle  if  attack  of  the  flap  of  -9°.  It  would 
be  desirable  to  have  data  for  a  leading  edge  flap  deflection 
26.6°  and  an  angle  of  attack  of  the  flap  of  0°  but  the 
above  data  is  the  closest  available  at  this  time.  The  pressure 
coefficient,  ?  -  (p-po)/q  indicated  by  the  above  test  data  is 
be tween-O. 6  and  -0.7,  where  p  •  the  atatlc  pressure  (psla), 

PQ  -  free  stream  pressure  (psla)  and  q  •  the  dynamic  pressure. 
Fran  another  stantfcoint,  if  we  can  apply  data  from  a  wedge  to 
represent  flow  on  a  half  wedge  following  a  straight  section, 
as  we  did  on  the  forward  face  A3,  then  we  can  apply  data  froa 
a  sharp  edged  plate  at  an  angle  of  attack  of  26.6°  to  repre¬ 
sent  the  flow  around  a  sharp  comer  of  26.6°,  with  about  the 
same  validity.  The  data  on  pages  13  and  19  (zero  flap  de¬ 
flection)  of  /Lef.  8  show  that  the  flow  is  separated  and  P  is 
constant  over  the  entire  chord  for  3  >  15°,  so  it  surely  is 
also  for  3  ■  26.6°.  Th®  value  of  P  is  about  -0.6,  and  this 
is  used  for  both  tve  25  and  50  psi  cases  in  this  report, 

3.'  NUXZRICAL  R£-"'L"0  ."OP.  T?!E  GIVEN  CAr  ES 

!he  abs  >lu*e  pressures  in  psi  (absolute)  are  shown  in 
Fig.  3,12  for  the  given  shock  waves  of  25,  50,  100  and  POo  paig. 
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PRESSURES,  PSI  ABSOLUTE,  FOR  25PSIG  SHOCK  WAVE 


PRESSURES,  PSI  ABSOLUTE,  FOR  50PSIG  SHOCK  WAVE 


PRESSURES,  PSI  ABSOLUTE,  FOR  IOOPSIG  SHOCK  WAVE 
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PRESSURES,  PSI  ABSOLUTE,  FOR  200PSIG  SHOCK  WAVE 

Fig.  B. 12  STEADY  STATE  PRESSURES  FOR  STRUCTURES  IN  Fig.B.I 
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PRESS  IN  FRONT 
OF  PT  (T)  a  TO  PEAR 
OF  PT$  *10T  REOUREO 
TO  OBTAIN  PRESS.  ON 
STRUCTURE 


EQUIVALENT  CIRCLE  METHOD  (MIT  Monuol) 

NOTE:  ALL  PRESSURES  ARE  PSI  ABSOLUTE 


Fig.  BJ3  COMPARISON  OF  V/EDGE  METHOD  WITH  EQUIVALENT  CIRCLE  METHOD 

Press.*  25  psig 
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WEDGE  METHOD 


EQUIVALENT  CIRCLE  METHOD  (MIT  Monuo) 
note:  all  pressures  are  psi  absolute 

Fig.  B.  14 

COMPARISON  OF  WEDGE  METHOD  WITH  EQUIVALENT  CIRCLE  METHOD 

Pr«ss.'  200  psig 


respectively.  The  exact  variation  of  the  pressure  along  AB 
in  each  case  nay  be  found  by  applying  the  coefficients  of 
Table  3.?  to  the  pressure  given  for  °oint  A  in  each  case. 

For  comparison,  the  pressure  distribution  obtained  using  the 
equivalent  circle  method  described  in  the  OCE  Manual  (Ref.  l) 
is  shown  for  the  paig  level,  and  the  200  psig  level  in 
Fig.  3.13  and  B.Ui.  The  values  given  in  Fixture  3.12  are 
based  upon  a  "flat  top",  shock  but  the  preceding  method  is 
aleo  cosily  applied  to  shocks  which  wry  with  tiao. 

The  pressures  given  arc  intended  to  apply  to  both  of 
the  structures  shown  in  Fig.  3.1  (a)  and  I-'ig.  3.1  (b).  The 
difference  in  the  length  of  X  in  the  two  cases  will,  in 
fact,  make  little  difference  to  the  pressure  distribution 
and  the  available  information  does  not  provide  any  basis  for 
computing  these  variations.  It  would  be  desirable  to  have  a 
solution  for  flow  over  a  double-wedge  profile  of  53°  nose 
angle,  but  we  have  not  been  able  to  locate  any  data  for 
this  range. 

b.5  Fjy/.RKS  coNC3n?j:rr.  dome  or  conical  shapes  structures 

The  above  analysis  has  been  concerned  with  structures 
which  ;ire  long  enough  compared  to  the  dimension  in  the 
direction  of  flow  to  be  considered  two  dimensional.  A  dome 

i 

or  conical  shaped  structure  does  not  fall  in  this  category 
and  the  coefficients  suggested  above  should  not  be  used  far 

such  cases,  although  this  would  certainly  be  conservative  aa 
far  as  the  heavily  loaded  windward  aide  is  concerned. 


Field  measurements  on  full  scale  structures  of  this 
type  were  made  during  the  1957  nuclear  test  series  conducted 
at  tho  Nevada  Test  Site,  but  were  not  available  at  the  time 
of  this  report. 
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appendix  c  -  radi.tion  attenuation  cai!\jRi«.  f 0:1  JHrZTJis 
AND  P^SSU.OE  CRITERIA  D>  EtuTAUCSS 

C.l  RADIATION  ATTENUATION  CRITERIA 

C.1.1  General 

The  initial  gama  and  neutron  radiation  levels  for  the 
design  weapons  listed  in  Chapter  1  -  Section  1.5  and  the  at¬ 
tenuation  factors  for  concrete  and  earth  were  based  upon  the 
documents  listed  in  Chapter  1  -  Section  1.5.  The  radiation 
path  used  for  determining  the  earth  and  for  concrete  shielding 
necessary  to  reduce  the  initial  radiation  to  the  prescribed 
50  roentgen  level  within  the  shelter  areas  was  taken  as  that 
which  provides  the  least  attenuation,  neglecting  any  possible 
reduction  due  to  an  acute  angle  of  incidence  of  the  exterior 
radiation.  This  criteria  was  recommended  by  the  OCE.  The 
relative  locations  of  detonation  and  various  paths  considered 
are  illustrated  in  Figure  C.l. 

C.l. 2  Entrances  ays 

There  is  very  11 '-tie  quantitative  data  on  the  effect  of 
baffles  turns  or  air  scattered  radiation.  This  effect  was 
Included  in  the  design  of  the  shelter  areas  by  assuming  that 
the  radiation  entering  by  way  of  stairways  is  reduced  by  90+ 
at  each  right  angle  turn  (recormended  by  O.C.E.). 


C.l 


TYPICAL  STRUCTURE 


DETAIL  "A"  DETAIL  “B" 


Fig.  C.l  ASSUMED  RADIATION  PATHS  FOR  DETERMINATION  OF 
REQUIRED  SHIELDING 


C.2  fflSSSUHE  CRITERIA  FOB  BNT!U'IC~S 


Tha  design  blast  loading  for  the  d.-isijn  of  the  entrances 
for  the  buried  and  above-ground  earth  covered  structures  wa a 
assumed  equal  to  the  side-on  pressure.  The  bl.-.st  doors  of  the 
above-ground  earth  covered  structures  were  designed  for  3ide-on 
pressure  and  tho  bl-ist  doors  for  the  buried  structures  were 
designed  for  reflected  pressures.* 


1  OPERATION  UP3HQT  IWOT  HOLE,  Project  3.7,  "Air  Blast 
Effects  on  Entrances  &  Air  Intakes  of  Underground 
Installations",  1  May  195U  Draft,  pg.  71. 
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D  -  nr'A^in  lb"  1 A ’r  TOR  OF  F^PJD'TI^M  ri'W.T' 

D.l  introduction 

In  determining  the  dynamic  load  effect  upon  foundations 
it  ie  necessary  to  know  the  shape  of  the  applied  load,  the  re¬ 
sistance-deflection  function  (stiffness)  and  mass  of  the  founda¬ 
tion  member.  When  these  three  terms  are  known,  the  resistance- 
time  and  deflection- time  solutions  are  obtained  by  solving  the 
equation  of  motion.  Several  methods  for  solving  this  equation 
and  the  commutation  of  the  equivalent  mass,  are  described  in 
the  C  of  £  Manual, 

The  shape  of  the  load-time  function  depends  upon  the 
applied  load,  F  (t),  soil  resistance,  R  (t),  and  the  mass  of 
the  structure  plus  the  soil  mass  (above  and  below  the  founda¬ 
tion)  affected  by  the  applied  load.  The  resistance-time  and 
deflection-time  solutions  are  obtained  by  assuming  rigid  body 
motion  solving  the  eouation  F  (t)  -  R  (t)  •  m  5  (t)  where  m 

is  the  equivalent  mass  of  the  system  and  x*  (t)  is  the  ac¬ 
celeration.  The  streso  condition  below  a  structure  similar 
to  that  shown  in  Figure  D,1  is  complicated  by  the  extensive 
surface  load  rather  than  the  more  conventional  type  of  load 
limited  to  the  structure  only.  One  approach  to  the  oroblem 
is  to  assume  that  the  foundation  member  is  not  affected  by 
the  surface  load  outside  the  limits  of  the  structure. 
Unfortunately,  there  is  no  teat  data  available  to  justify  this 
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mj|  *  mots  of  eorth  segment 

between  I  ond  i-i  !F>g  02) 

k|  *  stiff n«is  of  eorth  mon 
between  i  ond  i-i 

C|  1  domping  coafficiant  of  earth 
moss  between  i  and  i  — i 

V(t)  *  velocity  pulse  estimating 
overall  ground  motion  at 
depth  2b  below  building 

F  (t)  *  applied  load 


Fig.  D. 3  SCHEMATIC  REPRESENTATION  OF  EAPTH 

WEDGE  BELOW  FOOTING 


toproach  and  therefore  it  vna  Cejided  to  deaifin  th>  found*-. 
tiers  of  the  contract  3M“ur*';;.’S  tn  acccruar!'*-?  -’Ith  the 
presently  accepted  crite-f.a,  t.o.  to  if  sign  for  the  applied 
load,  neglecting  dynamic  settlement*. 

D.2  PIcOPOiiD  SOLUTION 

The  proposed  method  of  solution  usinj  the  *bove 
simplified  procedure  is  given  belo:  for  a  typical  interior 
square  footing  similar  to  the  tyoe  illustrated  in  Figure  D.l 

*  HJi 

It  Is  assumed  that  the  footings  are  spaced  far  enough  apart 
that  the  effect  of  adjacent  loaded  footings  is  negligible. 
Tha  proposed  solution  is  as  follows: 

1,  Compute  the  applied  force  T  (t)  using  the  methods 
described  in  the  C  of  E  Manual, 

?.  Compute  “he  equivalent  mass  of* the  system, 

ms  *  *1  *  n  2  *  a3e. 

where  ra^  ■  mass  of  earth  abpve  structure 
m2  •  mass  of  structure  excluding 
*flo*ting"  floor  slab 
■  equivalent  mass  of  earth  wedge 
below  footing 

w,  ■  mass  of  earth  wedge  below  footing 

•e 

The  volume  of  earth  below  the  structure  affected  by 
tha  footing  load  is  assumed  to  have  the  dimension*  shown  in 
Figure  D.2.  Ccmputa  tha  average  stress  intensity  at  each  of 


the  Indicated  levels  via  tabulate  in  Columns  3  and  u  of 
Figure  D.2.  The  effect  of  closely  spaced  adjacent  footings 
can  be  accounted  for  by  adding  the  stresses  at  the  overlapping 
levels.  The  percentage  of  the  deflection  taking  plac-i  in  each 
increment  of  depth  is  proportional  v  the  average  stross  in  - 
tensity  on  the  segment  divided  by  the  soix  modulus  of  elasticity. 
Assuming,  for  simplicity,  a  homogeneous  soil  and  constant 
modnlua,  the  perdentage  of  deflection  is  computed  and  tabulated 
in  column  5.  The  esrth  wedge  can  be  represented  schematically, 
as  shown  in  Figure  D.3  by  a  aeries  of  masses  and  springs.  By 
"Rayleigh's  Method"^-  of  equating  potential  and  kinetic  energy, 
the  fundeaental  period  of  the  earth  mass  is  found,  and  con¬ 
sequently  the  equivalent  mass  of  the  earth  wedge  is  computed 
as  *3e  •  O.lOmj. 

(*^  •  0.2$«3  for  continuous  footings) 

3.  Compute  the  load-deflection  function  for  the  soil 
by  one  of  the  methods  described  in  Soil  Mechanics 
Texts. ^ 

li.  Solve  the  equation  of  notion  of  the  total  system 
for  the  resistance- time  function  of  the  soil. 

5.  Analyse  the  footing  member  using  the  resistanca- 
tlma  function  from  Step  U  as  the  applied  load. 


^  Timoshanko,  S.j  "Vibration  Problems  in  Engineering",  Second  Ed. 
2 

Tersaghl  It  Pack,  "Soil  Mechanics  in  Sngineering  Practice". 
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APPENDIX  E  -  PROCEDURE  FOP.  DESIGN  OF  SHEAR 
WALL  STRUCTURES  -  ITEMS  1,  2  and  3 
E.l  DESIGN  PROCEDURE  T CR  SHEAR  WALL  STRUCTURES 

The  following  is  an  outline  of  the  procedure  used  for  the 
design  of  the  shear  vail  structures  of  this  contract,  items  1, 

2  and  3. 

1.  Design  exterior  valla  of  structure  for  the  front  vail 
loading  and  determine  the  lateral  dynamic  reactions  of  the 
front  and  back  vails  on  the  structure.  Design  exterior  vail 
footings. 

2.  Check  structure,  statically  l'-r.  rigid  body  sliding 
and  overturning  using  the  dynamic  reactions  of  the  vail  and 
roof  panels.  Check  maximum  soil  pressures  developed  urv»*r* 
footings  and  revise  footing  sizes  if  necessary. 

3.  Analyse  the  shear  vails  for  elastic  and  clastic 
behavior  to  carry  the  net  front  vail  and  rear  vail  dynamic 
reactions  assuming  a  dynamic  load  factor  of  1.50  unless  e  caaller 
value  la  indicated  by  a  dynamic  analysis  aas^mlng  a  f+r^d  base. 
This  value  is  based  upon  shear  vail  response  values  obtained  in 
elastic  range  analysis  of  several  shear  wall  structures  under 
comparable  cu  ditions  and  appears  to  be  reasonable  for  the 
structures  in  question.  The  use  of  a  dynamic  load  factor 

in  olace  of  a  complete  dynamic  analysis  is  necessary  in  order 
to  reduce  the  design  time  to  a  reasonable  length.  Ass ’me  that 
all  shear  vails  deflect  the  same  distance,  hence  the  total 
lateral  load  on  each  shear  vail  is  proportional  to  th#  relative 


E.l 


stiffness  of  the  shear  walls*  This  assumption,  which  makes  it 

possible  to  analyse  the  dynani:  behavior  of  all  shear  vails 
simultaneously,  is  oq-i-'alont  to  the  standard  assumption  in 
building  design  that  the  roof  and  floor  slabs  act  as  rigid 
diaphragms.  Tho  effect  of  the  slab  flexibility  may  be  included 
if  desired,  but  tho  added  reinforcement  is  seldom  justified* 

The  stiffness  of  the  end  shear  vails  in  the  elastic  range  is 
arbitrarily  reduced  fifty  percent  because  of  the  effect  of 
the  simultaneous  normal  blast  loads  acting  upon  the  end  walls. 

U.  The  roof  and  floor  systems,  columns,  and  column 
footln  s  are  designed  to  carry  the  vertical  blast  loads  plus 
the  conventional  design  loads  as  applicable*  In  designing 
the  roof  and  rioor  systems,  the  roof  and  floor  slabs  are  used 
as  deep  beams  to  transmit  the  horiaontal  front  and  back  wall 
dynamic  reactions  to  the  shear  vails.  The  maximum  stresses 
in  the  rcof  slab  under  the  cxnbined  slab  and  deep  bean  actions 
do  not  occur  together  and  interaction  formulae  are  not  used 
in  tne  u«aj.gn.  ihe  designer  has  the  option  of  designing  the 
roof  slab  under  the  vertical  roof  overpressure  for  elastic 
and  elasto-plastic  action^  only  or  for  plastic  behavior.  If 
the  roof  slab  under  the  vertical  loading  is  designed  for 
elastic  and  elasto-plastic  action  only,  the  3lab  reinforcing 
steel  may  be  assumed  effective  for  the  deep  beam  behivior  for 
both  flexure  and  shear,  however,  if  the  roof  slab  is  designed 

C  of  E  Manual-- Chapter  9,  Seotion  9.07,  f>tep  2, 


1 


for  plastic  action  under  the  vortical  loading,  tha  slab  reinforcing 

•tMl  not  be  considered  effecttvo  far  deen  beam  flexure, 

aad  saparata  staal  mat  ba  providad  aa  required.  The  lattar 

method  was  being  used  by  Amnann  4  i.'hitney  for  the  design  of 
2 

Items  1#  2  and  3.  Analyse  the  roof  and  floor  slabs  as  deep 
beams,  for  elastic  and  plastic  behnvior,  to  carry  the  not 
front  wall  and  roar  vail  dynamic  reactions  using  a  dynamic 
load  factor  of  1,50  unless  a  smaller  value  is  indicated  by 
a  dynamic  analysis  assuming  a  fixed  base,  Tho  design  of  the 
floor  slab  directly  above  the  foundation  should  include  any 
additional  horiiontal  load  the  slab  may  have  to  carry  as  a 
rseult  of  insufficient  frictional  capacity  below  the  shear 
wall  footin  s.  Ihe  roof  and  floor  sl.bs  acting  as  horizontal 
deep  beams  are  checked  for  shear  using  ths  following  criteria! 

1st  crack  loadi 

V„  •  O.lf’  Lt  ’*  (C  of  Z  Manual— equat.  h,?0) 

c  c 

Ultimata  load: 

Vult.  •  0.1C  ♦  2. IP  (1-story 

FT  BYx  FT“ff76 
c  Z 

(C  of  £  Manual 

Vult,  -  0.1C  ♦  2,6P  equat,  1.55) 

P  ♦  0.1  P  ♦  0.6  (2-story) 

Z  Z 

For  P  3.26  use  p  -  3.26  3 

Z  Z 

These  equations  are  to  be  increased  to  accwint  for  rapid  strain 
rates, 

2 

ftecomaended  by  namann  4  VTiitney  at  Conference  on  September  3, 
1555#  attended  by  representatives  of  O.C.K.,  M.I.T.#  and  A  4  W. 

5  fteeotasended  by  Prof,  lenjamin  at  Oct.  27#  1955  eonferen-e  at 
A  ft  V  attendee  by  representatives  of  O.C.E.,  *:.I.T,,  Stanford 
4  A  *  w*  E.3 


The  ultimate  deflection  Is  -iven  by  ult*  S  • 


21*  H  8C 

x 


Where  8c  i®  the  deflection  at  first  crack. 

Since  the  empirical  data  from  which  this  formula  was  devised 
was  limited  to  an  L/H  ratio  between  0.9  and  3*0  it  is  arbi¬ 
trarily  assumed  that  for  L/H  ratios  greater  than  3  it  is 
adequate  to  use  L/H  •  3  for  use  in  the  ultimate  deflection 


expression  for  the  structure  being  designed  ■  21*  H  xcr| 

I 

5.  Design  the  front  and  bf»ck  walla  to  carry  the  maximum 
net  vwrtieal  roof  and  footing  forces  to  the  front  and  back  edges 
respectively  of  the  shear  walls.  The  maximum  shears  and  moments 


in  the  floor  and  wall  elements  as  deep  beams  are  determined  by 
a  moment  distribution  analysis.  The  horisontal  floor  slab 
deep  oeem  reactions  obtained  from  the  moment  distribution 
analysis  arc  camoared  with  the  maximum  shear  wall  reactions 
obtained  in  Step  1*  to  check  the  accuracy  of  the  previous  as¬ 
sumption.  The  shear  walls  and  floor  slabs  are  reinforced  to 
resist  the  largest  of  the  two  stresses  obtained"  in  this  step 


and  in  step  3. 


6.  In  view  of  the  many  variables  which  tend  to  affect 
the  dynaaic  response  of  shear  wall  structures  it  is  reccrtnendod 
that,  sufficient  two-way  reinfordement  be  provided  to  ensure 
an  ultimate  capacity  eoual  to  the  comouV: d  response  when  tho 
computed  shear  stress  in  the  shear  walls  is  equal  or  greater 
than  75>  of  the  cracking  stress  (0.10  f’  ). 


APPENDIX  F  -  DESIGN  '.RITZRIA  FOR  ARCHES  A  VP  POKES 

F.l  ARCHES 

The  method  of  analysis  uaed  far  the  design  of  the  abo’ t  -a-ourv' 
earth  covered  arch  structures  Is  similar  to  the  crcc  dure  illustrated  ; 
the  C.  of  E.  Manual  except  for  the  nodificat. ona  listed  below, 

1.  The  Masi  loadings  on  the  above  ground,  earth  covered 
arches  were  computed  usi.ig  the  method  -'escribed  in  "Transonic  Pre-suras 

i 

on  Above  Grcund  Farth  Covered  Structures",  Aopeodlx  B.  The  ujs  of  jthls 
criteria  results  in  relatively  "long  duration"  deflection  mo^e  loads 

*  i  !•' 

rsther  than  the  short  duratior  "impulse" < type  load  uaed  in  the  C.  of  E. 
Manual.  The  deflection  node  curve  was  approximated  by  trial  and  arror 
by  an  idealised  triangular  load,  and  thereaoonse  was  determined  using  *.) 
design  charts  found  in  Fig.  5.2*?  and  5.29  of  the  C.  of  E.  Manual. 

2.  The  arches  were  designed  and  analysed  as  fixed  arches 
rsther  than  Dinned  arches.  The  arch  reinforcement  for  the  above  ground 
earth  covered  type  was  choeen  to  produce  almost  simultaneous  formation 
of  the  vield  hingea  (four)  at  the  scringing  line  and  within  the  arch 

i 

proper.  v  1 

3.  The  maximum  sidesway  of  the  r beve  ground,  earth  covered  se 

circular  arches  at  the  crown  was  limited  to  1/50  of  the  centerline  radiv 
(corresponding  to  a  maximum  radial  displacement ,  X* ,  1*5  degrees  from 

the  springing  line  equal  to  about  1/L5  of  *he  centerline  radius  as  com¬ 
pared  to  the  C.  of  E.  criteria  which  recommends  ■  maximum  radial  deflec¬ 
tion  equal  to  10  times  the-elas*ic  radial  deflection).  For  the  structure 
considered  (inside  radius  equals  1?.L2  feet)  th-.  value  of  1^  was 
approximately  3.6  inches  and  the  *mAe  ratios  W3re  hetweer  1  and  2. 
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7.2  DOCKS 

Ths  nethod  of 

sinllar  to  tho  prooedure  illustrated  in  the  C.  of  E.  Manuel  except  for 
the  Modifications  listed  below. 

1.  The  blast  loadings  on  the  above  ground  earth  cowered  donee 
was  estimated  using  the  nethod  described  in  Appendix  B. 

2.  The  donee  were  analysed  as  fixed  rather  than  pinned  and 

the  edge  banding  included.  — 

3.  The  deflection  node  effect  vas  conputed  using  a  pressure 

1 

distribution  2  ■  p  sin  0  cos  0  rather  than  the  unlforn  distribution 
Indicated  in  the  C.  of  £.  Manual.  It  should  be  noted  that  the  values 
indice  ted  in  the  C.  of  E.  Manual  for  the  unlforn  deflection  node  are  not 
correct. 

U.  It  should  be  noted  that  a  substantial  savings  nay  be  aehleved 
in  the  floor  slab  design  for  both  the  done  and  arch  type  structures  if 
the  soil  properties  are  known  and  the  slab  is  analyzed  ee  e  slab  on  an 
elastic  foundation.  This  of  course,  vas  not  done  In  this  study. 


analysis  used  for  the  design  of  the 


(door)  is 


^  Tiroshenko,  "Plates  and  Shells" ,  Pg.  371. 
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APPENDIX  0  -  CHANGES  II  DSSTOT  CONCEPTS  SUBSEQUENT  TO  DESK3T  SCTT 
Q,1  QCKZRAL 

Iho  blast  dsslgn  of  tbs  structures  auaaarlsed  la  this  reocrt 
««rs  based  upon  tbs  preliminary  draft  of  tbs  C.  of  K.  Manual.  Several 
add  it  ona  and  rsrlsiona  bars  alraady  bssn  aadt  in  tbs  earrsnt  oopy  of 
the  Manual.  Som  of  thsss  rsrlsiona  and  thslr  sffscta  on  tbs  dsslfn 
study  ars  dlscuassd  below.  Also,  soas  additional  cone op ta  not  yst 
lneorporatsd  in  the  currant  manual  and  not  included  previooaly  la  this 
rseort,  ars  discus sad. 

G.2  RF7I5ED  SHEAR  WALL  CAPACITI 

Ths  equations  for  tbs  ultimate  reals tancs  of  absar  walls  for  cos 
and  two  story  building*  used  in  tbs  design  ars  as  indicated  in  step  U 
of  Appendix  E.  These  equations  have  bean  revised  in  the  currant  C.  of  K. 

manual  in  accordance  with  additional  tests  performed  at  Stanford 

6  1  2  2P 

Unirersity.  The  revised  equation,  +  -g —  Indicates  a 

-  ♦  a! 

larger  ultimate  capacity.  Fig.  0.1  shows  that  the  ultiaats  shear  wall 
capacity  coaputed  by  ‘he  current  equation  nay  be  aa  such  as  h  tines  the 
value  indicated  in  the  preliminary  report  (within  the  range  reoerted), 
consequently  the  shear  wall  reinfo re era mt  indicated  for  items  1,  2  and  } 
in  this  study  is  overdesigned.  In  connection  with  the  current  equation 
it  is  felt  that  considerable  additional  shear  wall  research  is  necessary, 
such  as  (1)  the  extern  ion  of  the  parameters  to  include  larger  L/H  and  P/C 
ratios,  (2)  a  study  -o  determine  the  effect  of  varying  the  shear  v.ll 
spacing  on  tfcj  shear  distribution  along  tbs  top  of  the  wall  sad  shear 
wall  capacity,  particularly  for  larger  L/H  values, (3)  a  stuefy  of 
the  effect  of  vertical  loads  on 


Currant  Croft 
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thq  shear  rx1 1  capacity,  (U)  a  study  to  determine  the  effect  of  the 
ovarturning  momenta  oroduced  by  uoper  story  shears  on  the  shear 
capacity  of  a  lower  story  ran el. 

0. 3  REVISED  BUST  PARAMETERS 

Several  revisions  and/or  additions  have  been  made  in  the 
available  reference  documents  for  the  blast  parameters  since  the  com¬ 
pletion  of  thia  etudy,  eg. ,  (1)  revision  of  shape  end  duration  of  the 

incident  pressure  curve,  (2)  revision  of  radiation  data,  (3)  addition 
of  dynamic  pressure  parameters  far  non-ideal  conditions.  The  study 
results  should  not  be  appreciably  affected  by  any  of  these  changes  except 
for  the  drag  sensitive  above  ground  arch  structures  which  should  require 
eoo e  additional  reinforcement  particularly  at  the  2 5  and  50  osi  levels. 
O.li  GROUND  SHOCfc  EJECTS 

Procedures  are  new  available  to  estimate  the  accelerations 
and  displacements  of  the  free  field  ground  medium.  These,  in  turn,  may 
be  used  to  or edict  the  acceleration  and  the  displacements  of  structures 
and  equipment.  The  study  results  should  not  be  annreclably  affected  by 
thia  additional  input. 

0.£  RF7I5rD  DIAGONAL  TEJtSIOlt  CRITERIA 

The  C.  of  I.  Manual,  at  present,  does  not  have  the  latest 
recommendations  on  diagonal  tension.  To  modify  the  study  to  conform  to 
the  latest  criteria  may  require  addition  or  reduction,  depending  on  the 
particular  member,  of  shear  reinforcement  to  that  Indicated  by  the 
study  but  should  otherwise  not  aporeciably  effect  the  study  results. 
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0.6  WALL  FRSSrURSS 


•v 
o 

the  full  "hydrostatic*  pressure  prescribed  by  OCE  far  this 

j 

st uoy  results  in  sn  "pper  Unit  design  far  the  buried  struc tares, 
consequently  a  reduction  in  the  well  thicknesses  and  rsinfercsneRt 
can  be  expected  where  the  well  pressor ee  are  reduced  to  conform  to  a 

P 

given  friction  angle.  The  ratio  of  the  actual  wall  pressures  to  the 
surf see  pressures  nay  vary  soeewhat  as  fellows t 


Coheslonlsss  soils,  daap  or  dry  .  0.25 

Onsatorated  Cohesive  Soils,  Stiff  Consistency  0.35 

*  *  ",  Mediae  •  0.50 

*  «  "  *  Soft  *  0.75 

Saturated  Soils  1.00 


0.7  RBVISI01C  FOR  33RIED  ARCH  DISJGM 

The  C.  of  E.  sanual  reco— ends  that  only  coeprosslon  eods 
offsets  be  considered  on  buried  arches.  Complete  burial,  however,  is 
e  f  net ion  of  the  earth  cover,  the  overpressure  level,  and  the  interior 
angle  of  the  arch.  Depending  on  those  oaraneters,  sons  portion  of  the 
full  deflection  node  should  be  added  to  the  design.  For  the  burled 
arches  considered  in  this  study  it  is  expected  that  a  snail  cost 
inereass  due  to  additional  arch  reinforcement  will  ba  incurred  if  this 
additional  load  is  Included.  It  is  felt  that  sees  additional  work  on  shallow 
triad  arah  structure  ry  be  Justified,  such  as  (1)  a  study  of  the  leper- 
tense  of  the  "crown  type"  deflection  node  (vertical  deflection)  which 
not  considered  at  oresent  and  (2)  a  study  of  the  special  problem* 
associated  with  "flat"  arches. 


C.3  REVISE  PPESSuRE  IN  BELOW  fiRPUND  EWTRAHCES 

Evaluation,  subsequent  to  that  used  for  the  design  of  belov 
ground  entrances  in  this  study,  has  indicated  that  the  reflected 
prs^sures  in  entrances  may  be  significantly  lower^  (aoproxiaately  twice 
the  peak  incident  pressure)  than  the  theoretical  reflections  originally 
assured*  Consequently  the  blast  door  costs  for  these  entrances  nay  be 

t 

reduced  accordingly.  In  this  connection  it  should  be  noted  that  research 
’  is  still  being  d-ne  which  may  eventually  provide  a  aore  complete 

explanation  of  the  ohenoeiena  associated  with  «Jtryway  pressures* 


Operation  Upshot  Knothole,  Project  3.7,  "Air  Blast  Effects  on  Entrances 
and  Air  lntakvs  and  Underground  Installations" ,  VT  726,  og.  137, 
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